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With respect to '313 the Examiner claims that the broad release rates have 
been taught in this reference and that the dissolution rates in Applicant's claims 
are overlapped by the '313 Patent. The Examiner admits, however, that "... EPA 
'313 does not disclose the exact release rates claimed by Applicant..." (bottom of 
page 1, top of page 2). 

The determination of the dissolution rates in 313 is in accordance with 
U.S. Pharmacopoeia XXI in 0.05M KCl at pH 7.0 (not in accordance with 
Applicant's claimed procedure). 

Additionally, Applicant's claims further include a Cmax in the blood 
plasma at a Tmax of between about 10-15 hours. In Applicant's previous 
response. Applicant asserted that 313 does not teach Applicant's claimed 
formulations and methods. In support of Applicant's position. Applicant 
directed the Examiner to example 14 based on example 1 which has a Cmax of 5 
hours . (See Figure 2a). Example 14 states the formulation of Example 1 is suitable 
for once daily administration given the Tmax of 14 hours (page 20, lines 33-34). 
However, Figure 2(a) shows otherwise (Tmax of 5 hours). 

The Examiner has now responded that Applicant's release rates overlap 
(313 and Applicant's claims) and that the Pharmacological Data for what appears 
to be a sing le dose of the Example 4 formulation gives a Cmax at a Tmax of 13 
hours (See page 24, line 4 and page 25, line 10). However, the dissolution rates of 
the formulation of example 4, Applicant respectfully submits, are different from 
Applicant's claimed formulations. The actual percentages are different. The 
Example 4 dissolution described at page 9, is after 2 hours .35% diltiazem is 
released, after 4 hours 5.10% diltiazem is released. In Applicant's claims between 
about 1% to about 15% is released after two hours and about 7% to about 35% 
after four hours. Applicant's more restricted claims claim amounts of about 4% 
to about 8% after two hours and about 16% to about 21% after four hours. 
Therefore, the '313 application neither teaches nor contemplates Applicant's 
claimed formulation. Therefore, it cannot constitute a basis for rejection under 
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35 U.S.C. §102. The Examiner next asserts Applicant's claims are obvious over 
'313 stating 

"Further, the formulatiorx also releases the drug at the same rate as that claimed 
by applicant, therefore, it appears that these limitations do not render any 
unexpected results. It is the position of the examiner that these are limitations 
which would be routinely determined by one of ordinary skill through minimal 
experimentation, as being suitable, absent the presentation of some unusual 
and /or unexpected results. The results must be based on the specific limitations." 

Firstly, Applicant has shown that '313 does not teach Applicant's claims and 
denies the Examiner's statement "...the formulation also releases the drug at the 
same rate as that claimed by Applicant." as discussed above. 

Additionally, Applicant respectfully submits that there is unexpected 
results by using Applicant's claimed invention. In this regard, the Examiner is 
referred to the following: 

The '313 Application corresponds in whole and in part to a number of 
United States patents in the same patent family including United States Patent 
No. 4,917,899; 4,894,240; 4,891,230; 4,721,619; and 5,002,776 (the family of patents 
listing is enclosed as Schedule "A"). Applicant's reasons for bringing this 
correspondency to the Examiner's attention will become clear from the 
following: 

Cardizem CD is a formulation containing Diltiazem HCL Among the 
patents listed in what is known as "the Orange Book" (Approved Drug Products 
- The products in this list have been approved under Section 505 of the Federal 
Food, Drug and Cosmetic Act) are three patents filed by Carderm - United States 
Patent Nos. 5,286,497; 5,439,689 and 5,470,584 (in addition to a number of the Elan 
patents including United States Patent No. 4,894,240) - an excerpt from the 
Orange Book and the cover is attached as Schedule "B". 

U.S. Patent 5.286.497 issued from U.S. Application 58.534 which was a 
continuation of Application 872.572 which is a continuation of Application 
702.567 . U.S. Patent 5.439.689 issued ' from Application 164.062 which was a 
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continuation of Application 58,534 (Patent 5,286,497). U.S. Patent 5,470,584 issued 
from Application 394,573 which was a continuation of Application 164,062 
(Patent 5,439,689). 

Application 702,567 filed May 20. 1991 

The broadest claim filed in the application is set out as follows: 

1. A diltiazem bead comprising: ^ 

a) a central core containing an effective amount of diltiazem or 
a pharmaceutically acceptable salt thereof, optionally in association 
with pharmaceutically acceptable excipients, and; 

b) a sufficient quantity of a suitable polymeric coating material 
which substantially envelops said diltiazem core so that said 
diltiazem bead exhibits the following in vitro dissolution profile 
when measured in a type 2 dissolution apparatus (paddle), according 

to U.S. Pharmacopoeia XXII, at 37°C in 0.1 N HCl at lOOrpm: 

a) from 0-45% of total diltiazem is released after 6 hours of 
measurement in said apparatus; 

b) from 0-45% of total diltiazem is released after 12 hours of 
measurement in said apparatus, 

c) from 0-75% of total diltiazem is released after 18 hours of 
measurement in said apparatus, and; 

d) not less than 40% is released after 24 hours of measurement. 

The Examiner rejected the claims filed under 35 USC §112 as being 
indefinite for failing to particularly point and distinctly claim the subject matter 
which applicant regards as the invention. The Examiner also rejected the 
application in view of Geoghegan in view of Joshi under 35 USC 103 
(obviousness) asserting that: 

Geoghegan, teaches a diltiazem pellet comprising a central core (col. 

2, lines 27-50), from 0-45% of total diltiazem is released between 6-12 
hours (col. 2, lines 53-54) and from 0-75% of diltiazem is released 
after 18 hours (col. 2, lines 55-56). While Geoghegan does not teach 
the use of diltiazem ...beadlets. Joshi, teaches a pharmaceutical 
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composition in the form of beadlets (col. 2, lines 11-14). It would 
have been obvious to one skilled in the art at the time of the 
invention to ...combine the teachings of Geoghegan in viev^ of 
Joshi because Geoghegan, teaches as conventional a novel diltiazem 
pellet formulation comprising a core of diltiazem surrounded by an 
multiplicity of sequentially applied and dried layers of a film 
forming polymer for a controlled absorption rate over a period of 
time. Joshi, teaches a novel pharmaceutical composition of beadlets 
which acts as a controlled release forrnulation. 

(Geoghegan is U.S. Patent 4,917,899 and Toshi is U.S. Patent 4,808,413.) - (The 
Examiner also cited in later actions United States Patent No. 4,894,240.) 



An amendment was filed in response to this action wherein Claim 1 was 
cancelled and Claim 2 was amended as follows: 



2. A diltiazem bead comprising : 

a) a central core containing an effective amount of diltiazem or 
a pharmaceutically acceptable salt thereof, optionally in association 
with pharmaceutically acceptable excipients, and: 

b) a sufficient quantity of a suitable polymeric coating material 
which substantially envelops said diltiazem core so that said 
diltiazem bead exhibits the following in vitro dissolution profile 
when measured in a type 2 dissolution apparatus (paddle), according 
to U.S. Pharmacopoeia XXII, at 37^C in 0.1 N HCl at lOOrpm: 

[A bead according to claim 1 which exhibits the following in vitro 
dissolution pattern: 

a) from 0-15% of total diltiazem is released after 6 hours of 
measurement in said apparatus;] 

b) ] a) from 0-15% of total diltiazem is released after 12 hours 
in said apparatus; 

[c) ] b) from 0-45% of total diltiazem is released after 18 hours 
of measurement in said apparatus, and; 

[d] c) not less than 45% of total diltiazem is released after 24 
hours of measurement in said apparatus. 
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In making the proposed amendment the applicant submitted in part as 
follows: 



Geoghegan et al is directed to diltiazem pellets suitable for 
incorporation into a product allowing controlled absorption over a 
twelve hour period. The USPTO has stated that Geoghegan et al 
renders claim 2 obvious since it discloses pellets having the 
following dissolution profiles: 



b) from 0-15% of total diltiazem is released between 6-12 hours, 
and from 0-45% of total diltiazem is released by 18 hours (both at 
Column 2, lines 54-56). This is factually incorrect and the reference — — 
does not disclose any pellets having such a dissolution profile. 



The Examiner's attention is directed to column 2, lines 53-56 of 
Geoghegan et al which discloses pellets having the following 
profiles that: 



a) from 0-25% of the total diltiazem is released after 4 hours of 
measurement in said apparatus; 

b) from 20-45% of the total diltiazem is released after 6 hours of 
measurement in said apparatus, and; 

c) not less that 85% of total diltiazem is released after 13 hours 
of measurement in said apparatus. The USPTO statements 
regarding claims 10, 11 and 12 are also factually incorrect. 



To insure the accuracy of the record the undersigned would like to 
point out that the dissolution profiles in Geoghegan et al were 
conducted in 0.05M KCl at pH7.0, whereas those presented in the 
instant application are carried out in O.IN HCl . 



(The Examiner should examine the entire file history for all submissions.) In the 
prosecution, the Applicant also submitted as follows: 




The present invention is directed to minimizing the variance 
between peak and trough levels of diltiazem that have been 
associated with prior art once-a-day diltiazem formulations such as 
those encompassed by United States Patent 4,894,240 . This is 
accomplished by utilizing a controlled release formulation 
containing two types of beads having differing but predetermined 
release rates. One type of bead is a delayed release bead as described 
by claims 2-10 in which most of the diltiazem is released from the 
bead 12 hours to 24 hours after immersion into the test medium. 
Geoghegan et al would not motivate one of ordinary skill in the art 
to produce a diltiazem bead in which most of the diltiazem is 
released 12 hours after immersion into the test medium. 



By Official Action dated June 26, 1992 (Paper No. 8) the Examiner again 
rejected the application stating: 

Applicant's arguments filed 4/10/92 have been fully considered but 
they are not deemed to be persuasive. 

The applicant argues that the diltiazem pellets for controlled 
absorption taught by Geoghegan does not disclos'^e the dissolution 
profile of the applicants invention. Furthermore, there is no 
motivation by Geoghegan to produce a diltiazem bead in which 
most of the diltiazem is released 12 hours. The examiner does not 
agree with the applicants arguments since it was already disclosed in 
the previous office action that Geoghegan, teaches a diltiazem pellet 
which releases from 0 to 25% of total diltiazem after 4 hours, from 
20 to 45% after 6 hours and not less than 85% after 13 hours. The 
profile of Geoghegan reads directly on the claimed invention of the 
applicant. Joshi, teaches a diltiazem bead in a polymeric coating. 
One skilled in the art would recognize that the constituent 
components can be adjusted according to the parameters judg ed 
necessary . The examiner does not have to copy every parameter of 
said claimed invention with the cited references under 35 USC 103 
to render said claims obvious. Since Joshi, was not cited for 
teaching said dissolution profile the applicants argument without 
merit. 

It is the examiners opinion that all of the parameters of the claimed 
invention have been fully met by the cited references of Geogheg an 
and Joshi . It would have been prima facie to one skilled in the art 
that either combined or alone the cited references would motivate 
one to produce a diltiazem bead with the claimed dissolution 
profile. The motivation lies in the references of Geoghegan who 
teaches the use of diltiazem pellets with the claimed dissolution 
profile. 




• 
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The Examiner thus concluded that Geoghegan teaches a diltiazem pellet 
which releases from 0-25% of total diltiazem after 4 hours, from 20-45% after 6 
hours, not less than 85% after 13 hours. The profile of Geoghegan, according to 
the Examiner, reads directly on the claimed invention. 

Apphcation 702,567 was abandoned in favour of Application 872,572. 

Application 07/872,572 

In an Official Action dated 07/20/92 the Examiner relied on Geogheg an 



Geoghegan, teaches a diltiazem bead comprising a central core 
containing diltiazem (co. 2, lines 21-25), polymeric coating which 
envelops said diltiazem (col. 2, lines 24-29), with said dissolution 
profile (col. 2, lines 36-52). While Geoghegan does not teach said 
specific polymer, Stevens teaches said compositions (col. 1, lines 40- 
44). It would have been obvious to one skilled in the art at the time 
of the invention to modify and incorporate the teachings of 
Geoghegan in view of Stevens because Geoghegan teaches as 
conventional a novel controlled absorption diltiazem formulations 
in pellet/bead forms. Stevens teaches a novel sustained release 
pharmaceutical compositions which comprises diltiazem. 

In claims 2, 10, 11, 12, 13, 14, 15 and 16 Geoghegan teaches a bead 
exhibiting said vitro dissolution pattern (col. 2, lines 42-51; col. 3, 
lines 3-15). 

The claims were not amended in the response but for a minor 
amendment. Applicant submitted as follows: 

As is discussed in the introduction of the specification, the present 
invention is directed to a diltiazem formulation which solves the 
problems associated with prior art once-a-day diltiazem 
formulations. Diltiazem is subjected to a first-pass effect after 
administration. This means that a large percentage of the 
administered dose is metabolized by the liver and rendered inactive 
before it has had an opportunity to reach the general circulation. 

Thus, prior art formulations designed to provide zero order release _ 

of a drug are inappropriate for diltiazem. The release of a constant 
amount of diltiazem results in the inactivation of a significant 



^240 (U.S. Patent 4,894,240) together withf Stevens stating: 




-20- 



percentage of the administered dose resulting in sub-therapeutic 
blood levels. It is necessary to use a controlled release formulation <^ 
with diltiazem. The formulation must release sufficient diltiazem 
at appropriate times to allow the saturation of the liver's metabolic 
capacity, so that blood levels of diltiazem can rise significantly to 
therapeutic levels. 

The controlled release formulations of the instant invention 
provide a release pattern wlji^ — solves this problem. This 
formulation is composed of (two types) of diltiazem beads having 
differing release rates. Orfe~— ^;^pe'^f diltiazem bead can be 
characterized as a delayed release diltiazem bead . Minimal 
diltiazem is released from this bead until 12 hours after immersion 
into a test medium. The second type of bead is a rapid release bead 
in which substantially all of the diltiazem is released in the first 8 
hours after immersion into the test medium. Claims 2-10 are 
directed to the delayed release beads and claims 11-16 are directed to 
formulations containing both types of beads. 

The applicant also submitted the following with respect to Geoghegan '240: 

Geoghegan #240 is directed to a once-a-day diltiazem formulation. 
This formuJaJion'^^ to produce_pga k plasma lev els of 

diltiazem \10-14 hou^ after administration and more preferably 
from 12-14 hotirs-affer administration. This delayed release profile 
is accomplished by utilizing diltiazem pellets that are coated with a 
multi-layered polymeric membrane having a specific dissolution 
profile. These coated diltiazem pellets are combined with up to 25 
w/w% of uncoated diltiazem pellets thereby producing the final 
formulation. 

As noted above, the formulation of the instant invention contains 
two types of diltiazem pellets, both of which contain polymeric 
coatings. One type can be characterized as a rapid release pellet. It is 
designed to release up to 100% of its diltiazem within 6 hours after 
testing . The second type of bead can be characterized as a delayed 
release bead and it does not release substantial quantities of 
diltiazem until 12 hours after testing. Claims 2-10 are directed to 
only the delayed release pellets and claims 11-16 are directed to the 
final formulation containing both rapid release beads and delayed 
release beads. 

The USPTO has taken the position that claims 2-16 are obvious 
since Geoghegan teaches polymeric coated diltiazem pellets having 
dissolution profiles similar to those instantly claimed, and that 
Stevens teaches the specific polymers utilized in the instant 
invention. Thus, the instant invention can be produced by 
modifying the pellets of Geoghegan with the polymers of Stevens. 
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It is respectfully submitted that this rejection should be removed 
because Geoghegan #240 does not teach a dissolution profile similar 
to that contained in claims 2-16. The release rates of Geoghegan's 
coated pellets differ substantially from those of the instant 
invention. The release rates of Geoghegan #240 and those of the 
instant invention are specified below . Tj^gTrgiease rates are 
calculated in differing solvent systems (^Cl vs HCl).j Despite the 
differing solvent systems, the release rateS^-are so^-^divergent as to 
demonstrate the unobviousness of the instant invention. 



Geoghegan #240 
POLYMERIC COATED DILTIAZEM PELLETS 



Time % dissolution in Kcl 

2 hours 0-35% 
4 hours 5-45% 

8 hours ^ 30-75% 
13 hours 60-95% 



Invention 



RAPID RELEASE PELLETS DELAYED RELEASE PELLETS 

Time % Dissolution Time % Dissolution 

3 hours 0-40 12 hours 0-15 

6 hours 30-100 18 hours 0-45 

24 hours >45 

Geoghegan discloses a diltiazem pellet which releases from 60-95% ^ 
of its diltiazem within 13 hours of testing . Claims 2-10 are directed 
to a diltiazem pellet in which no more than 15% of its diltiazem is 
released during the first 12 hours of testing. In order to arrive at 
Applicants invention by modifying Geoghegan's pellets, it would 
necessary to decrease Geoghegan^s release rate by a factor of nearly 

400% (ie. <15% of diltiazem is released vs. >60% in a comparable 
time frame) . 

the art of record provides no motivation for decreasing Geoghegan's 
release rate so dramatically. Such a drastic modification can not be 
considered merely optimization. The prior art must provide the 
motivation to make the modifications necessary to arrive at the 
claimed invention. In re Lalu 223 USPQ 1257 (1984). The art of 
record provides no such motivation. 



The subject mater of claims 11-14 is directed to a formulation 
containing the delayed release pellets in combination with the rapid 
release pellets. To arrive at the claimed subject matter, it would be 
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necessary to make two significant modifications to Geoghegan's 
coated pellets. To produce the rapid release pellets it would be 
necessary to increase the dissolution profile for some of 
Geoghegan's polymeric coated pellets (i.e., up to 100% in 6 hours 
versus >60% in 13 hours). It would also be necessary to decrease the 
dissolution profile of Geoghegan's remaining pellets by a factor of 
400% as described above for the delayed release pellets. It would also 
be necessary to remove all of the uncoated pellets from Geoghegan's 
formulation. Neither Geoghegan nor Stevens provides the 
motivation for producing a formulation containing these two types 
of polymeric coated diltiazem pellets having the dissolution profiles 
specified above. Again, such a drastic modification cannot be 
considered to be merely optimization. Finally, Geoghegan #240 
teaches away from the dissolution profile encompassed by claim 2- 
16. The Examiner's attention is directed to Column 2 of the 
Geoghegan patent, lines 1-15 and lines 53-61, for the specific 
passages. Geoghegan #240 teaches that in order to produce a once-a- 
day diltiazem formulation, it is necessary to achieve peak plasma 
levels of diltiazem 10-14 hours after administration and more 
preferably 12-14 hours. Further, formulations producing peak 
plasma levels of diltiazem 6-9 hours after administration are only 
suitable for twice-a-day administration. 

The Examiner's attention is directed to page 34 of Applicants' 
specification. Table XI, which outlines the pharmacokinetic profile 
of the formulation of Example #3. This formulation exhibits a 
release rate corresponding to the subject matter of claims 2-16. This 
Table is reproduced below for the Examiner's convenience: 

TABLE XI 



Pharmacokinetic 
Parameter 


Oral Solution 


Once a Day 
Capsule 


AUG 


9103 ng/mLxhr 


849.1 ng/mLxhr 


Cmax 


78.6ng/mL 


54.4 ng/mL 


Trough 


19.8ng/mL 


24.7 ng/mL 


Ratio 


4.7 


2.9 


Tmax 


1 .3 hours 


7,3 hours 


F 


1.0 


0.93 



Examination of this Table shows that the formulation of the instant 
invention, having the dissolution rates specified above, produced 
peak plasma levels of diltiazem approximately 7 hours after 
administration. Geoghegan teaches that such a formulation would 
not be suitable for once-a-day administration. However, as 
demonstrated in Table X, this formulation produced therapeutic 
levels of diltiazem over a 24 hour period. Thus, Geoghegan #240 
teaches away from the instant invention rather than suggesting 
such a formulation . 
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The Examiner's attention is also directed to page 3, line 30 through 
page 4, line 27, of Applicants' specification which discusses 
Geoghegan #240. Applicants have found that the formulation of 
Geoghegan produced a wide variance between peak and trough 
plasma levels of diltiazem. The formulations of the instant 
invention minimizes this variance, (emphasis added) 

The Examiner issued a further action on November 10, 1992, once again 
rejecting the claims and stating : 

Applicant's arguments filed 08/14/92 have been fully considered but 
they are not deemed to be persuasive. 

The applicants argue that the cited references of Geoghegan #240 
and Stevens does not teach a dissolution profile similar to the 
claimed invention is without basis or merit. The applicant also 
argues that the release rates are calculated in different solvent 
systems (KCl vs HCl). Despite the differing solvent systems, the 
release rates are so divergent as to demonstrate the unobviousness 
of the claimed invention. The examiner finds the applicants 
argument (absent of a declaration providing the different release 
rates of KCl vs HCl) without merit as the release rates of diltiazem 
pellets with respect to the amount of polymeric coatings for said 
varying pellets are not persuasive because generally it is obvious to 
the person having ordinary skill in the art to manipulate the 
proportions of the components to achieve a desired dissolution 
profile. 

Geoghegan teaches a dissolution profile of from 2 to 24 hours not 
the 13 hours upper limit that the applicant recites from the ^ 
Geoghegan reference which encompass said vitro dissolution 
pattern claimed by the applicant. Furthermore, Stevens teaches a 
sustained release pharmaceutical composition with a controlled 
dissolution of the active principle over a long period of time and 
said coating film (the thickness) can be varied. This strongly 
suggests a coating mixture capable of reading on the dissolution 
rates as claimed by the applicant and does not read away from the 
claimed invention. The test for combining references is what the 
combination of disclosures take as a whole would suggest to one of 
ordinary skill in the art. In re Simon, 174 USPQ 114 (CCPA 1972); In 
re McLaughlin, 170 USPQ 209 (CCPA 1971). References are 
evaluated by what they suggest to one versed in the art, rather than 
by their specific disclosures. In re Bozek. 163 USPQ 545 (CCPA 1969). 
Suggestion of the claimed invention in any or all of the references 
but what the references taken collectively would suggest. 
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It is the examiners opinion that all of the parameters of said claimed 
invention have been fully met by the combined cited references 
disclosed. The applicant is reminded that the provisions under 35 
use 103 does not make it mandatory to read on every sing le 
parameter of said claims . It would be prima facie obvious to one of 
ordinary skill in the art to modify and combine the teachings of 
Geoghegan in view of Stevens. The motivation lies in the 
controlled and sustained release of Diltiazem with said claimed 
polymeric coatings with said dissolution profiles, (emphasis added) 

Application 08/058,534 

Applicant next filed this application as a continuation application together 
with a preliminary amendment enclosing a number of declarations . The 
applicant reiterated the grounds for rejection by the Examiner and stated: 

In response thereto, the enclosed declarations provide information 
concerning the different release rates of KCl vs. HCl . More 
importantly, they demonstrate that in clinical studies, representing 
actual use situations, the claimed invention provides an entirely 
different release rate from the Elan formulations which are the 
subject of the Geog he gan ^242 patent . In addition, it is submitted 
that the clinical studies demonstrate new and unexpected results for 
the claimed composition vis-a-vis the two Elan formulations. Such 
evidence of new and unexpected results is believed sufficient to 
rebut any prima facie case of obviousness which may be said to exist 
(the actual existence which is denied) with the combination of 
Geoghegan '242 and Stevens. 

The applicant, for the first time, with evidence, claimed that its invention 
provided an entirely different release rate from the Elan formulations which are 
the subject to the Geoghegan #242 (sic) patent. In this regard, the declaration by 
Diane L. Peterson is enclosed in Schedule "C". The declaration of V.J. Bhargava 
also enclosed with Schedule "C" discussed blood plasma samples and, after 
reviewing the attached declaration of Dr. Weir (also enclosed in Schedule *'C")/ it 
was Dr. Bhargava's opinion that the present invention is superior to those 
described by the '240 patent. The reason for this superiority is based upon the 
substantially higher trough levels provided by the formulation of the instant 
invention when compared with that obtained by the Elan formulations. He then 
continued: 
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The trough level is the plasma concentration of drug that is 
achieved by a given formulation innmediately prior to the 
scheduled administration of the next dose. A good sustained release 
product provides trough plasma concentrations that may be 
comparable to those obtained when the product may be given in 
divided doses 3 to 4 times a day. If this quality is lacking the patient 
may be achieving sub-therapeutic trough levels and may lack 
efficacy over part of the dosing period. 

The trough levels obtained with the two Elan formulations, the 
60mg tablets administered 4 times daily and the formulation of the 
instant invention are presented immediately below for the 
Examiner's convenience: 



MEAN TROUGH LEVELS 



TREATMENT 


TROUGH LEVEL ng/ml 


Elan A 


48.5 


Elan B 


46.0 


60 mg qid 


67.3 


Invention 


66.5 



levels produced by the two Elan formulations are approximately 
30% below that produced by the formulation of the instant 
invention. The significantly lower level of drug may correspond to 
a decreased therapeutic effect over the relevant portion of the 
dosing period. 



Another advantage of the formulation of the instant invention is 
how closely the trough levels correspond to those obtained with the ^ 
60mg tablets administered 4 times daily. This will facilitate the 
conversion of the patient from a dosage form requiring 
administration 4 times daily to the convenience of a once a day 
dosage form. 

The final declaration was that of Scott Weir, also enclosed with 
Schedule "C", describing how the '240 diltiazem formulations made by the Elan 
patent were obtained from Elan Corporation pic which identified the 
formulation and which gave the release profiles : 



The dissolutie)p-===pTofil^^ of each of these formulations was — 
evaluated in 0.05M KCL as described in the '240 patent beginning at 
line 65, colurnfr2: — This dissolution testing was carried out at Elan's 
facilities by Elan personnel and the results were provided to MMD. 



-26- 



Elan formulation A exhibited the following dissolution profile: 

DISSOLUTION PROFILE 



TIME 


% DILTIAZEM HCl 
RELEASED 


2Hr 


12.2 


4Hr 


18.1 


6Hr 


34.2 


8Hr 


50.8 


10 Hr 


64.4 


13 Hr 


79.7 


24 Hr 


97.6 



Elan formulation B exhibited the following dissolution profile: 

DISSOLUTION PROFILE 



TIME 


% DILTIAZEM HCl 
RELEASED 


2Hr 


14.7 


4Hr 


21.5 


6Hr 


36.9 


8Hr 


53.8 


10 Hr 


69.0 


13 Hr 


82.5 


24 Hr 


102.2 



Pharmacokinetic profiles of the two Elan formulations were determined in a 
study and blood plasma samples were drawn from the volunteers identified at 
page 4. The diltiazem mean plasma concentrations for the two formulations are 
set out at pages 5 and 6 as follows: 

TABLE I ELAN FORMULATION A 



Time 


Diltiazem Mean Plasma 




Concentration 


6th Dose: 


(ng/ml) (% CV) 


0 hours 


49.31 


(31.28%) 


7th dose 




0 hours 


48.62 


(31.02%) 


2 hours 


75.04 


(36.64%) 


4 hours 


65.89 


(37.53%) 


6 hours 


63.92 


(36.31%) 




/ riours 




iin 1 1 o/ \ 
(o/.il /o) 


x\j nours 


QQ 1 A 


\l/.OV JO) 


fiOurs 


1U4.Z4 


/TC QUO/ \ 
\AO.OO /o) 


i4t nours 




I'^c 1 no/ \ 
\ZX3.WJ /o) 


ID Roiirs 


Q/l QQ 


/o) 


lo nours 


"TR Q/l 




20 hours 


61.89 


(23.78%) 


22 hours 


53.34 


(25.37%) 


24 hours 


47.70 


(25.85%) 


30 hours 


28.50 


(30.07%) 


TABLE II ELAN FORMULATION B 


Time 


Diltiazem Mean Plasma 




Concentration 


6th Dose: 


(ng/ml) (% CV) 


0 hours 


47.73 


(36.84%) 


7th dose 




0 hours 


47.15 


(33.84%) 


2 hours 


94.52 


(27.55%) 


4 hours 


77.13 


(31.83%) 


6 hours 


69.78 


(33.79%) 


7 hours 


70.15 


(31.41%) 


10 hours 


91.36 


(29.85%) 


12 hours 


94.97 


(29.27%) 


14 hours 


84.36 


(25.43%) 


16 hours 


78.47 


(27.43%) 


18 hours 


69.00 


(25.20%) 


20 hours 


56.63 


(26.07%) 


22 hours 


48.57 


(25.20%) 


24 hours 


43.05 


(24.63%) 


30 hours 


27.75 


(37.10%) 


TABLE III Cardizem Tablets 


Time 


Diltiazem MeanPlasma 




Concentration 




(ng/ml) (% CV) 


21st Dose: 






0 hour 


71.31 


(28.42%) 


25th dose 
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0 hour 


66.47 


(30.79%) 


1 hour 


86.19 


(29.73%) 


2 hours 


107.98 


(27.01%) 


3 hours 


127.01 


(24.28%) 


4 hours 


108.94 


(26.40%) 


6 hours 


73.11 


(25.60%) 


26th dose 




1 hour 


82.15 


(25.82%) 


2 hours 


105.69 


(28.46%) 


3 hours 


110.13 


(23.39%) 


4 hours 


94.10 


(21.72%) 


6 hours 


61.90 


(26.95%) 


27th dose 




1 hour 


58.29 


(30.48%) 


2 hours 


79.66 


(28.42%) 


3 hours 


93.11 


(26.33%) 


4 hours 


77.48 


(25.04%) 


6 hours 


55.05 


(24.25%) 


28th dose 




1 hour 


60.26 


(37.97%) 


2 hours 


64.96 


(36.89%) 


3 hours 


70.69 


(31.47%) 


4 hours 


73.61 


(26.37%) 


6 hours 


64.19 


(25.97%) 


12 hours 


24.94 


(33.39%) 



With further information given and Table III with respect to the Cardizem 
tablets after the 21st dose, 25th dose, 26th dose, 27th dose and 28th dose. At 
page 6, Table IV provides trough- average of 7 a.m. plasma concentrations 
obtained prior to dosing on day 6 and 7 in addition to 24 hours post-dose and H8 
are given together with other data. 

The Mean values for the following pharmacokinetic parameters 
were determined from the plasma diltiazem concentration time 
profiles: AUC-Area under the curve, Cmax - Maximum steady-state 
plasma concentration. Trough - average of 7 AM plasma 
concentrations obtained prior to dosing on days 6 and 7 in addition 
to 24 hours post-dose on day 8, Ratio- ratio of C-max to C-min, the 
minimum steady state plasma concentration, Tmax - time to 
maximum concentration. These mean values are reported below in 
Table IV (Value in parenthesis represents % CV). 




TABLE IV 





Tablet 


Elan A 


Elan B 




60 mg 


240 mg/ 


240 




qid 


day 


mg/day 


AUC (0-24 hr) 


1960 


1801 


1760 


(ng/mixhr) 


(23) 


(26) 


(26) 


CMAa 


129 


108 


106 


(ng/ml) 


(23) 


(26) 


(27) 


RATIO 


2.8 


2.5 


2.6 


(CMAX/CMIN) 


(17) 


(20) 


(15) 


TMAX 


4.0 


11.8 


8.1 


(hr) 


(57) 


(22) 


(62) 


TROUGH 


67.3 


48.5 


46.0 


(ng/ml) 


(26) 


(27) 


(29) 



The applicant in a further response enclosing revised clainns thanked 
Examiner Page for the interview and made the following submissions (also made 
at the interview): 



During that interview, it was explained that the assignee of the 
present invention, Carderm, is a recent spin-off of Marion Merrell 
Dow Inc., which has for years sold diltiazem HCl under the 
trademark Cardizem. The once-a-day form of Cardizem, then, is 
sold under the trademark Cardizem CD. Enclosed is a copy of the 
advertising literature concerning Cardizem CD, which literature 
was shown to Examiner Page during the interview. The once-a-day 
diltiazem formulation sold under the trademark Cardizem CD is 
the subject matter of the present application. Examiner Page was 
also shown one of the Cardizem CD capsules and it was explained 
that that capsule contained a blend of A) rapid release diltiazem 
beads and B) delayed release diltiazem beads. Dr. Bhargava 
explained that because diltiazem has a relatively short half life and 
because it absorbs throughout the gastrointestinal track, it has been 
found that a "stair-step release profile" for the once-a-day 
formulation is highly desirable. 

That is, when compared to Geoghegan Patent No. 4,894,240, which is 
the principal reference relied upon by the Examiner in this case, 
there is a considerable difference in the drug release mechanism 
involved . In the Geoghegan patent, the coated drug has a coating 
which is a mixture of a water insoluble and water soluble material. 
Upon dissolution of the water soluble material, the coating on the 
drug becomes porous and the drug is gradually released steadily 
over a period of time. In the Geoghegan formulation, some free 
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drug (uncoated) is also blended with that coated drug in order to 
obtain some immediate release of the drug. The net result is a 
release curve which rises rapidly and then gradually tapers off. 

On the other hand, as Dr. Bhargava explained, the release profile for 
Cardizem CD is a stair-step"' one . That is demonstrated by the 
Bhargava and Weir declarations, which were previously submitted 
in this case and by the Peterson declaration which was shown to 
Examiner Page and which is enclosed herewith. Note, as shown in 
the Peterson declaration, that at 13 hours the blended formulation 
of the present invention has a release of 33.9%: whereas, in 
Geoghegan Patent No. 4,894,240, the release after 13 hours is 60-95% . 
That is, the blended diltiazem formulation of the present invention 
has a "flat step'' of the "stair-step release profile" at around 13 hours. 
Such a release profile is not shown in the art of record, as recognized 
by Examiner Page. That is, in the Examiner Interview Summary 
Record, it is stated: " Claim 11 represents the invention of a mixture 
of distinctly coated beads in a formulation having a specific 
dissolution profile. Claims presented define over the prior art of 
record. " 

... patentable subject matter in the combination of previous claim 11 
(which covers the blend of rapid release coated diltiazem beads and 
delayed release coated diltiazem beads as specified) and the specific 
dissolution profile of the blend (which was previously the subject 
matter of dependent claim 15), new independent claim 17 is 
presented herewith . Claim 17 is essentially a combination of 
previously pending claims 2, 11, and 15. As Examiner Page 
requested, it sets forth the blend of rapid release coated diltiazem 
beads having a specific profile, and delayed release coated diltiazem 
beads having a specific profile: with the blend, then, having the 
specific release profile set forth . Claims 18-29 depend from 
independent claim 17. All other claims have been canceled. 

The case was allowed. The claims issued in U.S. Patent 5,286,497 (which 
the Examiner can review). 

Application 08/164,062 

This application was filed as a continuation and subsequently issued as 
U.S. Patent 5,439,689. 



The Examiner allowed the claims. The Examiner stated in his 
reasons for allowing the case: 
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The following is an Examiner's Statement of Reasons for 
Allowance: The optimized blood levels of diltiazem over a 
24 hour period is accomplished by a controlled release dosag e 
form which exhibits a release profile wherein decreasing the 
variance between peak and trough levels of diltiazem is not 
taught or suggested by the prior art of record. 

Therefore the optimized blood levels for the diltiazem from the 
formulation provides a decrease in the variance between peak and trough levels 
of diltiazem of the prior art which was not taught or suggested by the prior art of 
record. 

Application 394,573 

A preliminary amendment was filed by which the pending claims were 
cancelled and new claims were inserted. These claims, however, only claimed a 
delayed release diltiazem formulation. 

The Examiner rejected these claims based on the obviousness type double 
patenting having regard to U.S. Patent 5,286,497 and required a terminal 
disclaimer. A terminal disclaimer was filed and the patent issued. 

Further with respect to the formulations claimed in the claims of U.S. Patent 
5,470,584 although relating to a delayed release formulation, the claimed subject 
matter was nevertheless found to be the same invention as U.S. Patent 5,286,497 
and therefore a terminal disclaimer had to be made. The release from the 
delayed release components for both was the same and provided a maximum 
release at 18 hours of 75%. All of the claimed formulations of the three patents 
gave, according to the Examiner, a decrease in the variance between the peak and 
troughs of the blood plasma levels. 

Applicant encloses data in Schedule "D" which, in Applicant's respectful 
submission, substantiate that its claimed formulation provides unexpected 
results over '313. Table 1 compares Cardizem CD, which was found by Examiner 
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Page to exhibit a release profile wherein decreasing the variance between peak 
and trough levels of diltiazem was not taught or suggested by the prior art of 
record with Applicant's formulation. In Table 1, Cardizem CD exhibited 106.85% 
variance. Applicant's claimed invention (Diltiazem HCl ER capsules) exhibited 
84.98% variance. Therefore, Applicant's claimed invention exhibits at least the 
same decreasing variance as Carderm CD and therefore exhibits "unexpected 
results" which the Examiner stated was lacking. Thus, in Applicant's respectful 
submission. Applicant's claimed invention is meritorious, inventive and 
allowable. There is no motivation in '313 to make Applicant's claimed 
formulations. '313 does not teach Applicant's benefits. 

Applicant also encloses in further support, as Schedule "E", an article by 
Eradiri, O. et al., entitled "Comparison of diltiazem bioavailability from 3 
marketed extended-release products for once-daily administration: implications 
of chronopharmacokinetics and dynamics". International Journal of Clinical 
Pharmacology and Therapeutics. (1997), Vol. 35, No. 9, p. 369-373. This article 
shows at page 372 the degree of fluctuation of Cardizem CD (134±40%) and Tiazac 
(139±36%) - Tiazac will be discussed with respect to Deboeck ('093). 

The '093 Patent Application 

The Examiner has also rejected the claimed invention in view of '093 
under 35 U.S.C. §103(a). In doing so, the Examiner admits that '093, "does not 
teach the exact rates of release as claimed by Applicant, nor do they discuss the 
rates of release after 8 hours, nor do they disclose all the specific amounts of the 
above-mentioned ingredients." The Examiner however takes the position that 
'093 does teach overlapping release rates and while '093 does not teach a Cmax at 
10-15 hours (Tmax) as claimed by Application, the claims are obvious. The broad 
release rates of '093 at page 4, lines 24-34 are not those in Applicant's claims. The 
examples at page 5, lines 16-20, page 14, lines 16-21 and page 15, lines 9-13 
(Example 4) are not within Applicant's claimed ranges. Nor is the Cmax of '093 
between about 10-15 hours (Tmax). Figure 1 shows a Tmax at 8-9 hours. Figure 1 
shows a steady state plasma level after 7 days administration of the Example 4 
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dosage (see page 15, lines 15-31). Figure 2 appears to have a Cmax at Tmax of 10- 
11 hours. However, Example 4 does not have a release profile within Applicant's 
claimed release profiles. Despite these differences, the Examiner still maintains 
obviousness stating "Applicant's invention is not patentably distinct from the 
prior art. 

Applicant respectfully further responds to this ground of rejection as 
follows: 

( WO 93/00093)(Deboeck) corresponds to United States Patent No. 5,529,791 
and Uhit^d^Statgs^atent No. 5,288,505 (see the Family of Patent listing enclosed 
as Schedule "F"). United States Patent No. 5^52977^1 is identified as relating to 
Tiazac in the Orange Book extract enclosed^n^chedule\B" herein. As discussed 
in Schedule "E", Tiazac has a fluctuation o^^39±36%), a jgreater fluctuation (even 
at its best reading) than with respect to Scliedule/'D" (which compares a 
formulation using Applicant's claimed invention and Cardizem CD). The 
Examiner's attention is also directed to Figure 8 of the application which 
graphically illustrates the differences in Tiazac and formulations in accordance 
with this application. There is, once again, no motivation to make Applicant's 
claimed formulation in '093. '093 does not teach Applicant's benefits. 

In view of the above submissions. Applicant submits that all claims herein 
are inventive over the prior art provide unexpected utility over all prior art and 
Applicant respectfully requests allowance of same. 

Applicant has enclosed one cheque in the sum of $1,600.00 U.S. which 
incorporates the fee of $890.00 U.S. for the three month extension of time and 
$710.00 U.S. for the base filing fee for a Request for Continued Examination 
(RCE). If there should occur an overpayment or an underpayment of fees in 
respect of this submission, the Commissioner is authorized to access Deposit 
Account Number 08-3255 to make the appropriate adjustments and advise 
Applicant's agent. 
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If the Examiner has any questions, she is respectfully requested to contact 
Applicant's agent, Ivor M. Hughes, at area code 905-771-6414, collect at the 
Examiner's convenience. 



Once the Examiner has received and examined the Request for Continued 
Examination (RCE) and Submission, Applicant's agent requests that the 
Examiner call Applicant's agent collect at her convenience to arrange for an 
interview at a time suitable to the Examiner. 



Respectfully submitted, . 

Ivor M. Hughes 

Agent for the Applicants 

Registration No. 27,759 

IMH*kdk 
Enclosures 

1. Request for Continued Examination (RCE) Transmittal 

2. Request for Three Month Extension of Time 

3. Check in the sum of $1,600.00 U.S. 

4. Exhibit A 

5. Exhibit B 

6. Schedule "A** (family of patents listing) 

7. Schedule "B" (excerpt from the Orange Book and the cover) 

8. Schedule "C" (declarations by Diane L. Peterson, VJ. Bhargava and Scott Weir) 
9- Schedule "D" (data) 

10. Schedule "E" (an article by Eradiri, O. et aL, entitled "Comparison of diltiazem 
bioavailability from 3 marketed extended-release products for once-daily administration: . 
implications of chronopharmacokinetics and dynamics". International Journal of Clinical 
Pharmacology and Therapeutics. (1997), Vol. 35, No. 9, p. 369-373) 

11. Schedule "F" (Family of Patent listing) 



Application Serial No. 09/465,338 
Group Art Unit 1615 



EXHIBIT A 

CLAIMS WITH MARKINGS TO SHOW CHANGES 



3. (Amended) The preparation of claim 1 [or 2] wherein the Cmax of Diltiazem 
in the blood is obtained between about 11 - about 13 hours after administration of 
the preparation. 

9. (Twice Amended) The preparation of claim [1 or] 2 wherein the preparation 
comprises a plurality of microgranules, wherein each microgranule comprises a 
central core of the form of diltiazem or a pharmaceutically acceptable salt thereof, 
associated with a wetting agent, wherein the central core is coated with a 
microporous membrane. 

12. (Twice Amended) The preparation of claim 9[, 10 or 11] wherein the 
membrane comprises a water-dispersible or water-soluble polymer and a water-, 
acid- and base-insoluble polymer of a neutral acrylic polymer which hydrates the 
preparation. 

14. (Twice Amended) The preparation of claim 9[, 10, 11, 12 or 13] wherein the 
membrane comprises a neutral copolymer of acrylic acid ethyl ester and acrylic acid 
methyl ester and hydroxypropylmethylcellulose. 

17. (Amended) The preparation of claim 1[, 2, 3, 4, 5, 6, 7 or 8] wherein the 
preparation comprises a plurality of microgranules comprising a central core 
containing the form of diltiazem coated with a microporous membrane and the 
central core comprises Diltiazem or a pharmaceutically acceptable salt thereof 
associated with any suitable dissolution agent (other than a wetting agent) to assist 
in the release of the Diltiazem from the preparation. 

18. (Twice Amended) The preparation of claim 2 [17] wherein the preparation 
comprises a plurality of microgranules comprising a central core containing the form 
of diltiazem coated with a microporous membrane and the central core comprises 
Diltiazem or a pharmaceutically acceptable salt thereof associated with any suitable 



dissolution agent (other than a wetting agent) to assist in the release of the Diltiazem 
from the preparation and wherein the dissolution agent is an organic acid selected 
from the group consisting of adipic acid, ascorbic acid, citric acid, fumaric acid, 
malic acid, succinic acid, and tartaric acid, which permits the diltiazem to dissolve in 
gastrointestinal fluids when the microgranules pass into higher pH regions of the 
gastrointestinal tract of the intestine at which pH diltiazem is much less soluble. 

37. (Amended) The preparation of claim [1, 2,] 3[, 4, 7, 8, 9, 11, 12, 13 or 14] 
wherein the preparation contains 120 mg of Diltiazem. 

38. (Amended) The preparation of claim [1, 2,] 3[, 4, 7, 8, 9, 11, 12, 13 or 14] 
wherein the preparation contains 180 mg of Diltiazem. 

39. (Amended) The preparation of claim [1, 2,] 3[, 4, 7, 8, 9, 11, 12, 13, or 14] 
wherein the preparation contains 240 mg of Diltiazem. 

40. (Amended) The preparation of claim [1, 2,] 3[, 4, 7, 8, 9, 11, 12, 13, or 14] 
wherein the preparation contains 300 mg of Diltiazem. 

41. (Amended) The preparation of claim [1, 2,] 3[, 4, 7, 8, 9, 11, 12, 13, or 14] 
wherein the preparation contains 360 mg of Diltiazem. 

42. (Amended) The preparation of claim [1, 2,] 3[, 4, 7, 8, 9, 11, 12, 13, or 14] 
wherein the preparation contains 420 mg of Diltiazem. 

44. (Twice Amended) A controlled-release Galenical preparation of 
pharmaceutically acceptable Diltiazem including the pharmaceutically acceptable 
salts thereof, suitable for evening dosing every 24 hours containing from about 120 
m g to about 540 mg of the form of Diltiazem with excipients to provide controlled 
(sustained) release of the form of Diltiazem from the preparation for providing a 
Cmax of Diltiazem in the blood at between about 10 hours and about 15 hours 
(Tmax) after administration of the preparation, the preparation being in a sustained- 
release dosage form in which the Diltiazem is adapted to be control released after 
administration of the preparation over a period of time and being adapted to release 
the Diltiazem 




(i) into an aqueous medium at the following rates measured using the method of 
United States Pharmacopoeia No. XXIII at 100 rpm in 900 ml of water: 

(a) between about 1% and about 15% after 2 hours: 

(b) between about 7% and about 35% after 4 hours: 

(c) between about 30% and about 58% after 8 hours: 

(d) between about 55% and about 80% after 14 hours; and 

(e) and in excess of about 75% after 24 hours. 

and/or (ii) into a buffered medium having a pH between about 5.5 and about 6.5, 
at the following rates measured using the method of United States Pharmacopoeia 
No. XXIII at 100 rpm in 900ml of the buffered medium: 

(a) between about 1% and about 25% after about 2 hours: 

(b) between about 7% and about 45% after about 4 hours: 

(c) between about 30% and about 68% after about 8 hours; 

(d) in excess of about 75% after about 24 hours wherein the preparation 

comprises a plurality of microgranules, wherein each microgranule comprises a 
central core of the form of diltiazem or a pharmaceutically acceptable salt thereof, 
associated with a wetting agent, wherein the central core is coated with a 
microporous membrane and [The preparation of claim 9, 10, 11, 12, 13, 14, 15 or 16] 
wherein the wetting agent is selected from the group consisting of: 

sugars; 

saccharose, mannitol, sorbitol; 
lecithins; 

to C20 fatty acid esters of saccarose,; 
xylose esters or xylites; 
polyoxyethylenic glycerrides; 
esters of fatty acids and polyoxyethylene; 
sorbitan fatty acid esters; 

polyglycides-glycerides and polyglycides-alcohols esters and 
Metal salts. 

47. (Amended) A method of treatment of a patient's hypertension and /or 
angina comprising the administration of the preparation of Diltiazem of claim 3 [45] 




to the patient in the evening for effective treatment of the patient's hypertension 
and /or angina the next morning wherein each microgranule comprises a central 
core of the form of diltiazem or a pharmaceutically acceptable salt thereof, associated 
with a wetting agent, wherein the central core is coated with a microporous 
membrane and wherein the wetting agent is in association with the diltiazem in the 
microgranule and not mixed therewith, the membrane comprises a water-soluble or 
water dispersible polymer or copolymer and a water-, acid- and base-insoluble 
polymer which is a neutral copolymer of acrylic acid ethyl ester and acrylic acid 
methyl ester enabling the bead to be hydrated by the introduction of intestinal fluids 
into the core hydrating the core and therefore mixing the diltiazem and the wetting 
agent. 

48. (Twice Amended) A controlled-release Galenical preparation of 
pharmaceutically acceptable Diltiazem including the pharmaceutically acceptable 
salts thereof, suitable for evening dosing every 24 hours containing from about 120 
m g to about 540 mg of the form of Diltiazem with excipients to provide controlled 
(sustained) release of the form of Diltiazem from the preparation for providing a 
Cmax of Diltiazem in the blood at between about 10 hours and about 15 hours 
(Tmax) after administration of the preparation, the preparation being in a sustained- 
release dosage form in which the Diltiazem is adapted to be control released after 
administration of the preparation over a period of time and being adapted to release 
the Diltiazem 

(i) into an aqueous medium at the following rates measured using the method of 
United States Pharmacopoeia No. XXIII at 100 rpm in 900 ml of water: 

(a) between about 1% and about 15% after 2 hours; 

(b) between about 7% and about 35% after 4 hours; 

(c) between about 30% and about 58% after 8 hours; 

(d) between about 55% and about 80% after 14 hours; and 

(e) and in excess of about 75% after 24 hours. 

and /or (ii) into a buffered medium having a pH between about 5.5 and about 6.5, 
at the following rates measured using the method of United States Pharmacopoeia 
No. XXIII at 100 rpm in 900ml of the buffered medium: 

(a) between about 1% and about 25% after about 2 hours; 
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(b) between about 7% and about 45% after about 4 hours; 

(c) between about 30% and about 68% after about 8 hours; 

(d) in excess of about 75% after about 24 hours, wherein the 

preparation comprises a plurality of micro granules, wherein each microgranule 
comprises a central core of the form of diltiazem or a pharmaceutically acceptable 
salt thereof, associated with a wetting agent, wherein the central core is coated with 
a microporous membrane [The preparation of claim 9, 10, 11, 12, 13, 14, 15, 16, 44 or 
45] in which the core and membrane comprise: 



%W/W 

(a) Diltiazem hydrochloride 69 - 73 

(b) Microcrystalline cellulose 8-9.5 

(c) Povidone K30 1-2 

(d) Sucrose stearate 7-8 

(e) Magnesium stearate NF 0.5 - 2.5 

(f) TalcUSP 0.5-5.0 

(g) Titanium dioxide (USP) 0.15 - 0.3 

(h) Hydrox)^ropylmethylcellulose 2910 0.3 - 0.6 

(i) Polysorbate 80 (tween) 0.01 - 0.025 
(j) Simeticone C emulsion USP (dry of 30%) 0.01 - 0.015 

(k) a neutral copolymer of acrylic acid ethyl ester and acrylic acid methyl ester 

(dry of 30%) 7-11 

Purified water USP 0 (used for mixing). 



49. (Amended) A method of treatment of a patient's hypertension and /or 
angina comprising the administration of the preparation of Diltiazem of claim 48 
[46] to the patient in the evening for effective treatment of the patient's hypertension 
and /or angina the next morning. 

50. (Twice Amended) A controlled-release Galenical preparation of 
pharmaceutically acceptable Diltiazem including the pharmaceutically acceptable 
salts thereof, suitable for evening dosing every 24 hours containing from about 120 
mg to about 540 mg of the form of Diltiazem with excipients to provide controlled 
(sustained) release of the form of Diltiazem from the preparation for providing a 
Cmax of Diltiazem in the blood at between about 10 hours and about 15 hours 
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(Tmax) after administration of the preparation, the preparation being in a sustained- 
release dosage form in which the Diltiazem is adapted to be control released after 
administration of the preparation over a period of time and being adapted to release 
the Diltiazem 

(i) into an aqueous medium at the following rates measured using the method of 
United States Pharmacopoeia No. XXIII at 100 rpm in 900 ml of water: 

(a) between about 1% and about 15% after 2 hours; 

(b) between about 7% and about 35% after 4 hours: 

(c) between about 30% and about 58% after 8 hours; 

(d) between about 55% and about 80% after 14 hours; and 

(e) and in excess of about 75% after 24 hours. 

and /or fii) into a buffered medium having a pH between about 5.5 and about 6.5, 
at the following rates measured using the method of United States Pharmacopoeia 
No. XXIII at 100 rpm in 900ml of the buffered medium: 

(a) between about 1% and about 25% after about 2 hours; 

(b) between about 7% and about 45% after about 4 hours; 

(c) between about 30% and about 68% after about 8 hours; 

(d) in excess of about 75% after about 24 hours, wherein the 

preparation comprises a plurality of microgranules, wherein each microgranule 
comprises a central core of the form of diltiazem or a pharmaceutically acceptable 
salt thereof, associated with a wetting agent, wherein the central core is coated with 
a microporous membrane [The preparation of claim 9, 10, 11, 12, 13, 14, 15, 16, 44 or 
45] in which the core and membrane comprise: 

(i) in the core, 

(a) between about 50% and about 85% (% w/w of the total 
preparation) of Diltiazem or pharmaceutically acceptable salt thereof; 
and 

(b) between about 2% and about 25% wetting agent (% w/w of the 
total preparation); 
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together with suitable adjuvants; and 
(ii) in the membrane, 

(c) between about 0.1% and about 2% of the total preparation of 
water-soluble and/or water-dispersible polymer; and 

(d) between about 5% and about 20% (% w/w of the preparation) 
of a neutral copolymer of acrylic acid ethyl ester and acrylic acid 
methyl ester, together with suitable adjuvants. 

52. (Twice Amended) A controlled-release Galenical preparation of 
pharmaceutically acceptable Diltiazem including the pharmaceutically acceptable 
salts thereof, suitable for evening dosing every 24 hours containing from about 120 
m g to about 540 mg of the form of Diltiazem with excipients to provide controlled 
(sustained) release of the form of Diltiazem from the preparation for providing a 
Cmax of Diltiazem in the blood at between about 10 hours and about 15 hours 
(Tmax) after administration of the preparation, the preparation being in a sustained- 
release dosage form in which the Diltiazem is adapted to be control released after 
administration of the preparation over a period of time and being adapted to release 
the Diltiazem 

(i) into an aqueous medium at the following rates measured using the method of 
United States Pharmacopoeia No. XXIII at 100 rpm in 900 ml of water: 

(a) between about 1% and about 15% after 2 hours: 

(b) between about 7% and about 35% after 4 hours; 

(c) between about 30% and about 58% after 8 hours; 

(d) between about 55% and about 80% after 14 hours: and 

(e) and in excess of about 75% after 24 hours. 

and /or (ii) into a buffered medium having a pH between about 5.5 and about 6.5, 
at the following rates measured using the method of United States Pharmacopoeia 
No. XXni at 100 rpm in 900ml of the buffered medium: 

(a) between about 1% and about 25% after about 2 hours: 

(b) between about 7% and about 45% after about 4 hours; 




(c) between about 30% and about 68% after about 8 hours; 

(d) in excess of about 75% after about 24 hours, wherein the 

preparation comprises a plurality of rhicrogranules. wherein each microgranule 
comprises a central core of the form of diltiazem or a pharmaceutically acceptable 
salt thereof, associated with a wetting agent, wherein the central core is coated with 
a microporous membrane [The preparation of claim 9, 10, 11, 12, 13, 14, 15, 16, 44 or 
45] in which the core and membrane comprise: 

(i) in the core, 

(a) between about 69% and about 73% (% w/w of the total 
preparation) of Diltiazem or pharmaceutically acceptable salt thereof; 
and 

(b) between about 7% and about 8% wetting agent (% w/w of the 
total preparation); 

together with suitable adjuvants; and 

(ii) in the membrane, 

(c) between about 0.3% and about 0.6% of the total preparation of 
water-soluble and /or water-dispersible polymer; and 

(d) between about 7% and about 11% (% w/w of the preparation) 
of a neutral copolymer of acrylic acid ethyl ester and acrylic acid 
methyl ester, together with suitable adjuvants. 

60. (Twice Amended) A controlled-release Galenical preparation of 
pharmaceutically acceptable Diltiazem including the pharmaceutically acceptable 
salts thereof, suitable for evening dosing every 24 hours containing from about 120 
m g to about 540 mg of the form of Diltiazem with excipients to provide controlled 
(sustained) release of the form of Diltiazem from the preparation for providing a 
Cmax of Diltiazem in the blood at between about 10 hours and about 15 hours 
(Tmax) after administration of the preparation, the preparation being in a sustained- 





release dosage form in which the Diltiazem is adapted to be control released after 
administration of the preparation over a period of time wherein the preparation 
comprises a plurality of microgranules, each microgranule comprising a central core 
containing the form of diltiazem coated with a microporous membrane and the 
central core comprises Diltiazem or pharmaceutically acceptable salt thereof 
associated with a wetting agent in which the core and membrane comprise: 

(i) in the core. 

(a) between about 50% and about 85% (% w/w of the total 

preparation) of Diltiazem or pharmaceutically acceptable salt thereof: 
and 

(b) between about 2% and about 25% wetting agent (% w/w of the 

total preparation); 

to gether with suitable adjuvants; and 

(ii) in the membrane, 

(c) between about 0.1% and about 2% of the total preparation of 

water-soluble and/ or water-dispersible polymer; and 

(d) between about 5% and about 20% (% w/w of the preparation) of a 

neutral copolymer of acrylic acid ethyl ester and acrylic acid methyl ester, together 
with suitable adjuvants [The preparation of claim 56, 57 or 58] wherein the core and 
membrane comprise: 



% W/W 



(a) 
(b) 
(c) 
(d) 
(e) 
(f) 



Diltiazem hydrochloride 

Microcrystalline cellulose (Avicel phl01)8 - 9.5 
Povidor\e K30 

Sucrose stearate (crodesta F150) 
Magnesium stearate NF 



Talc USP 



0.5 - 2.5 



0.5 - 5.0 



69-73 



7-8 



1-2 



10 



(g) Titanium dioxide (USP) * 0.15 - 0.3 

(h) Hydroxypropylmethylcellulose 2910 0.3 - 0.6 

(i) Polysorbate 80 (tween) 0.01 - 0.025 
(j) Simeticone C emulsion USP (dry of 30%) 0.01 - 0.015 

(k) a neutral copolymer of acrylic acid ethyl ester and acrylic acid methyl ester 

(dry of 30%) 7-11 

Purified water USP , 0 (used for mixing). 

62. (Amended) A method of treatment of a patient's hypertension and/or 
angina comprising the administration of the preparation of Diltiazem of claim 56[, 
57, 58, 59, 60 and 61] to the patient in the evening for effective treatment of the 
patient's hypertension and /or angina the next morning. 



Schedule "A" 

(Family of Patents Listing) 



ENTER DISPLAY FORMAT (BIB.M):fain 

L3 ANSWER 1 OF 1 INPADOC COPYRIGHT 2001 EPO 

PATENT FAMILY INFORMATION 
AN 26000051 INPADOC 



+ PRAI- 

EP 1984-309032 
EP 1988-309665 
IE 1983-3057 



A 19841221 
A3 19881014 
A 19831222 



IE 1987-2789 
IE 1987-2790 



IE 1987-2791 



IE 1987-3158 



A 19871016 
A 19871016 



A 19871016 



A 19871120 



IE 1988-822 



A 19880318 



AT 1984- 

EP 1998- 

AT 1984- 

BE 1984- 

CH 1984- 

DE 1984- 

EP 1984- 

lE 1983- 

JP 1984- 

PH 1984- 

US 1984- 

US 1987- 

US 1992- 

US 1994- 

lE 1987- 

US 1987- 

AU 1988- 

AU 1991- 

DK 1988- 

EP 1988- 

EP 1998- 

JP 1988- 

KR 1988- 

NZ 1988- 

PT 1988- 

US 1992- 

US 1993- 

ZA 1988- 

AU 1988- 

AU 1991- 

DK 1988- 

EP 1988- 

EP 1998- 

JP 1988- 

KR 1988- 

NZ 1988- 

PT 1988- 

AU 1988- 

AU 1991- 

DK 1988- 

EP 1988- 

EP 1998- 

JP 1988- 

KR 1988- 

NZ 1988- 

PT 1988- 

US 1988- 

AU 1988- 

AU 1991- 



--AI 



309032 

105888 

309032 

214218 

6030 

309032 

309032 

3057 

270584 

31626 

684661 

120952 

921459 

334864 

2789 

121224 

23775 

79435 

5756 

309665 

105888 

259304 

13539 

226575 

88776 

918925 

64401 

7681 

23775 

79435 

5756 

309665 

105888 

259304 

13539 

226575 

88776 

23775 

79435 

■5756 

309665 

105888 

259304 

13539 

226575 

88776 

273192 

23775 

79435 



EP 19841221 
A 19881014 
EP 19841221 
19841221 
19841218 
EP 19841221 
A 19841221 
19841214 
19841221 
19841221 
19841220 
19871116 
19920728 
19941104 
19871016 
19871116 
19881014 
19910628 
19881014 
19881014 
19881014 
19881014 
19881017 
19881014 
19881014 
19920722 
19930519 
19881014 
19881014 
19910628 
19881014 
19881014 
19881014 
19881014 
19881017 
19881014 
19881014 
19881014 
19910628 
19881014 
19881014 
19881014 
19881014 
19881017 
19881014 
19881014 
19881118 
19881014 
19910628 



A 
A 














DK 


1988 


-5756 


A 


19881014 












EP 


1988 


-309665 


A 


19881014 












EP 


1998 


-105888 


A 


19881014 












JP 


1988 


-259304 


A 


19881014 












KR 


1988 


-13539 


A 


19881017 












NZ 


1988 


-226575 


A 


19881014 












PT 


1988 


-88776 


A 


19881014 












US 


1988 


-273192 


A 


19881118 


US 


1984 


-684661 


A2 


19841220 


us 


1987 


-120952 


A 


19871116 












US 


1987 


-121224 


A 


19871116 












US 


1987 


-121225 


A 


19871116 












us 


1988 


-273192 


A 


19881118 












us 


1994 


-334864 


A 


19941104 


us 


1987 


-120952 


Al 


19871116 


us 


1992 


-918925 


A 


19920722 


us 


1987 


-120952 


A2 


19871116 


us 


1988 


-273192 


A 


19881118 


us 


1987 


-121225 


A 


19871116 


us 


1987 


-121225 


A 


19871116 


us 


1987 


-121225 


Al 


19871116 


us 


1992 


-921459 


A 


19920728 












us 


1994 


-334864 


A 


19941104 


us 


1987 


-121225 


A2 


19871116 


us 


1988 


-273192 


A 


19881118 


us 


1989 


-446116 


Bl 


19891205 


us 


1992 


-918925 


A 


19920722 


us 


1989 


-455544 


Bl 


19891229 


us 


1992 


-921459 


A 


19920728 












us 


1994 


-334864 


A 


19941104 


us 


1992 


-918925 


Al 


19920722 


us 


1993 


-64401 


A 


19930519 


us 


1992 


-921459 


A 


19920728 


us 


1992 


-921459 


A 


19920728 


us 


1992 


-921459 


A3 


19920728 


us 


1994 


-334864 


A 


19941104 


us 


1993 


-64401 


A 


19930519 


us 


1993 


-64401 


A 


19930519 


us 


1994 


-334864 


A 


19941104 


us 


1994 


-334864 


A 


19941104 



+ -- 




Al 






+ -- 








AT 


1984 


-309032 


EP 


19841221 


AT 


66813 


E 


19910915 


AU 


1988 


-23775 


A 


19881014 


AU 


615221 


B2 


19910926 












AU 


8823775 


Al 


19890608 


AU 


1991 


-79435 


A 


19910628 


AU 


634660 


B2 


19930225 












AU 


9179435 


Al 


19910912 


BE 


1984 


-214218 


A 


19841221 


BE 


901359 


Al 


19850416 


CH 


1984 


-6030 


A 


19841218 


CH 


662507 


A 


19871015 


DE 


1984 


-309032 


EP 


19841221 


DE 


3485023 


CO 


19911010 


DK 


1988 


-5756 


A 


19881014 


DK 


8805756 


A 


19890417 












DK 


8805756 


AO 


19881014 


EP 


1984 


-309032 


A 


19841221 


EP 


149920 


A2 


19850731 












EP 


149920 


A3 


19850828 












EP 


149920 


Bl 


19910904 


EP 


1988 


-309665 


A 


19881014 


EP 


320097 


Al 


19890614 


EP 


1998 


-105888 


A 


19881014 


EP 


856313 


Al 


19980805 


IE 


1983 


-3057 


A 


19841214 


IE 


56999 


B 


19920311 


IE 


1987 


-2789 


A 


19871016 


IE 


60929 


B 


19940907 


JP 


1984 


-270584 


A 


19841221 


JP 


06043312B 


B4 


19940608 












JP 


60156617 


A2 


19850816 


JP 


1988 


-259304 


A 


19881014 


JP 


01132521 


A2 


19890525 












JP 


07116044B 


B4 


19951213 


KR 


1988 


-13539 


A 


19881017 


KR 


9701656 


Bl 


19970213 


NZ 


1988 


-226575 


A 


19881014 


NZ 


226575 


A 


19910129 


PH 


1984 


-31626 


A 


19841221 


PH 


22003 


A 


19880502 


PT 


1988 


-88776 


A 


19881014 


PT 


88776 


B 


19921231 


US 


1984 


-684661 


A 


19841220 


US 


4721619 


A 


19880126 


us 


1987 


-120952 


A 


19871116 


US 


4891230 


A 


19900102 



US 1987-121224 

US 1987-121225 
US 1988-273192 
US 1992-918925 
US 1992-921459 
US 1993-64401 
US 1994-334864 
ZA 1988-7681 



A 19871116 

A 19871116 

A 19881118 

A 19920722 

A 19920728 

A 19930519 

A 19941104 

A 19881014 



US 4917899 

US 4894240 
US 5002776 
US 5219621 
US 5364620 
US 5336504 
US 5616345 
ZA 8807681 



A 19900417 

A 19900116 

A 19910326 

A 19930615 

A 19941115 

A 19940809 

A 19970401 

A 19890726 



21 priorities, 28 applications, 35 publications 



t 




Schedule "B" 

(Excerpt from the Orange Book and the cover page) 



CD 
CD 
CD 
Cxi 

I 

>- 



Q O 



O 
H 

> 

o 

u 

H 



O 



o 



111 
Q 
Z 
D 

Q 

LU 
> 

O 
QC 
Q. 
Q. 

< 



o 

UJ 
CO 

o 
o 




</) o 

I- 

o ^ 



o 
If) 



D 
Q 
O 

QC 



lu O f"" 
I UJ O 

H <0 < 



UJ 

O 
> 

LU 
CO 

2: 
< 



X 

o 
oc 

< 

UJ 

03 



D 
X 

i> 

a UJ 

1 1 



< < 

UJ >^ 

o ^ 
z 

LU 



cc 

< 
LU 

c/i 



< 9 
H < 

i§ 
i« 

cc LU 

Q D 
Z CC 

< Q 

Q £ 
o o 

o 

u. oc 



CO 
LU 

o 

> 
cc 

UJ 

CO 

G 



(1 

H z s 

O UJ 
O S 

£^ oo 
> 

Q 



o 
o 
o 



LU 

o 



H 
< 



W 
COCi] 

Do: 

XX 

CO 
D 

UQ 

d8 



oooo o 
ooooo 
o o o o o 

<N fN (N rs> <N 



OOOOO 
n m 

C3u 

[d Ii] td U U 



DO 



fN fN 
fN fN 

I I 



CO 
UM 

Ha 

rt:x 

O4 U] 



rHOHOHHa\iHr^HHOI00HHH(X>r^r)Hr4t^00fHfHr4t^00Hrs|r-IU>U^inu>\DOlU>r4V0C>)rn 
OOOOOOOiHOHHHOHHHOOHHHOOrHiHf-tOOHt-lfHOOOOOrHOHOrHH 
000000000000000000000000000000000000000000 

fNrv)fN)r>i<Nr^rvi(NfNfNj<Nr^i<Nrvirjr>4r^<Nr<fN<Nfs»rNjrs>rg<Nr*<(NOJ<NCJfNOJfNifNfNr^ 

.0\V00\V0Hr4CDOl0O^C0U>O^OU>V0a)Oe0V0V0^OOM>U)^00OV0V0U}U) 0\ KD a\ \D o\ in 
fMO(NOromOfNHfNfHOfNfNH(NfNrHOfNOH(Nr-<rM<NHfNrHO<NrN(N(NrNOOOOOOfN 



2 w 2 CO b b Q 2 ^^ i Z rt! 2 2 z 



^02 up 
wbwBuE 




ootu>r>o^\oo(nr'a\ou>o^r^ou)00\^ato\(n 
r4oor'0\oioof^^oo(noo'^r'Oiooa\<<tii^rNooa>Hf-i(H 

h»»a\r>jvo5fOfNTro>vfla>Tjir>4M»ovoTr(NTf<TvoHHfH 
r-fto nooovi)r»o<T\rnooroa\ou)r-co<y\ou>ror'rMfS(N 
J^jn ^ o d m ^ o flo « CN ^ o o n (N ID o m ^ ^ 



o> r>- m r- 

H t^CN r- 
\o HH H 
H <nf>j m 
<N ro fN m 
r» CO ^ 00 
xj» un 



m H 
o) CM o\ 

r* o\ fN cn 

fN ro fN <N 

■^r 00 ^ in 
in ^ in in 

V 

2i 



Ed 

SSZ22ZM 

M M M H M X 

XXXXXriC 

||ooog 

- -W 

M M M M M B; 

XXXXX' 
OOQOQ 

M M M M M M 

QQQQQQ 



fN r> in vo rH 
000000 
000000 

in in in m in in 

O O O O O CO 

^ -^f -^i* -^f ^ eo 

O O O O O CO 
fN fN (N fN (N rH 
000000 




O 

o 



o 
o 









(d 






a 

M 


< 


H 


M 

H 


iJ 


iJ 


M 


H 




Q 




^ 


0 


0 


0 


0 


<N 


<N 


VD 


y> 


0 


0 


0 


0 


fN 


fN 


0 


0 




OQQQQ 
M M MM M 

Di oi Oi tH Oi 

ilii 

§0000 



§§§§§ 

W M H M H 

H H W M M 
QQQQQ 



iH rN n ^ i-i 
ooooo 
ooooo 

H H H iH CN 

r' ot 

"O* Tji ^ o 

0\ 0\ <7\ O 
rH H r^r^^N 

ooooo 



Q Q 




fN n H 



< 

9 



w 
do: 

XX 
U Et] 

W 
D 

uo 
xo 



o o o o 
o o o o 

fN fM CM 



O O O O 
rn f*) f*l 

§§§§ 



(NrHH ^ ^ ^ OI rsi rJ rH H rH 

OOO OOOOOOOOOO 

OOO OOOOOOOOOO 

fM(NfM CJ (N (M fN M (N fN fN rs> CM 



H H H cu cu a a. > > o; 
ouu w w w w oo cu 
ooowww waz < 



• U I uuuouuuuuu 



W 
H W 
2Pi 

MM 



rnrnrn(nHvoor^oor*vor*'^or^vor^o^aoa)coeoGO<Dooo)cooooocoorn(NfN 

^^HHOOOOOOOOOOOOi-IOOOOOOOOOOOOOHHi-trH 

oooooooooooooooooooooooooooooooooo 

0<MCNf>lHMr*fvIO0IMMMMr<HHH0)M<N0ICNI0l0lfNrvI<NfVICNtH0IOO 



;04ijctiP<20tiJ]o« 

" ■) b« to W H 



a)bwb»^Qb'-3^^'^•^^:>•-^•o»-5^o•-3'-^^o£2f 



o o CO ro oD m 

H H O O O O 
O O O O O O 
fN <N fM fN fM CN 



oo o< U a U 
22rt:0ri;0 



H 
U 

Q< 
OH 
X< 

ou a 
o> 

DH 
CtiM 

a> 

M 

U M 
HD 
O J 
U 
QX 

§§ 

M 

M W 

PSH 

CO ou 

Cd 

CC 




H H m o\ m <T\ 
^ ^ H ro H ro 

CO CO ^ <T» 

tnin r- m r- m 
o\o^ <n H m H 
moo r- vo r- \o 
Tj* ^ ^ ^ ^ ^ 



UUCJU 

<<<< 

N M M N 
<<<< 

M M MM 




§§§§§ 

<<<<< 
M M M M H 

M M M H H 

QQOQQ 



















0« 


0* 




















U 


u 












Ed 


Ed 


Ed 


Cd 


Ed 


Ed 












H 


H 


H 




H 














O 


o 


O 






O 


















1 








i 












o< ' 


0* 


CU 












M 


M [d 


Ed 


Ed 


[d 


Ed 


Ed 




M 


M 


M 


Q 


QQ 


Q 


Q 


Q 


Q 


Q 


Ed 


H 


H 


H 


M 




















> 


Oi S 












Pi 










Ed 5 






§ 






Ed 








u 


Oi M 


M 


M 


M 


M 


H 










u 


a o 


Q 


Q 


Q 


Q 


Q 


o 










-o 


o 


O 


O 


O 


O 


a 








Ed 


Ed CO 


CO 


CO 


CO 


CO 


CO 










2 
O 


2 

OX 


X 


X 


X 


X 


X 








£ 


H 


H Ed 


(d 


Ed 


td 


Ed 


Ed 








CO 


CO 


CO O 


O 


O 


o 


O 


O 


Cd 




N 




O 


octi 


Cti 


ct: 


ct: 


Pi 


Pi 




a 




< 


o: 




0* 


0* 


o« 




04 




TI 


TI 


M 

H 


OP 




AL 


t 


AL 


AL 


1 


Ed 




►J 


•J 


2 


2> 


> 




> 


> 




U 


M 


M 


M 


M 


H M 


M 


M 


M 


M 


M 


S 


Q 


p 


Q 


a 


GO 


Q 


Q 


Q 


a 


Q 





EdCdE^E 



(dtdU Ed 
§§§§ 

§§§§ 

H 

tdHH CU 
HCUPi O 
rf;td(d CO 

£ S £ S ^ Ed 
OOOO 

2a2!S;wtd»H 
ooooqqp: 

SSESMMO 
PiOi 1^ 
EdOOffi 

"WO 

, uoi 

. OO - 
CO Pi Pi 




CO to 10 
OOO, , . 

^Uiuicococo 

M M H U 



CdEdtd2222 ,Q 
QQQOOOOiJ JH 

M M M p; Pi pi p; M M — 
J iJ J H H P h ts) N 
MMH FdEd W IdCdtd . . 
H H H t/1 CO CO CO cu Oi O 
Ed (d [d Kt ie£ leC f< Ed Ed N 
Et« Ex< Cm ^ »3 h3 »J 2 2 Ce: 

§S§8SSSSS§ 



a 
o 

CO 

u 
Pi 

Eh 

Id" 
D 
M 
Pi 
O 

X 

u 
o 
Pi 




o 

N 

Pi 
o 

Q 





(N m 


in H 


Q 


OOO 


O O 


O 


OOO 


oo 


api 


H H H 


H r- 




OOO 


oo 




Tj" ^ TJ" 


^ in 




OOO 


o o 


cu5 


<N (N CM 


n M 




OOO 


o o 



H 




n 


H 


H H 


fN 


m 


H 


H 




H 


HfNfni-tOIHfMHfMiH 


H 


o 


o 


o 


O 


O O 


O 


o 


O 


O 


o 


O 


OOOOOOOOOO 


o 


o 


o 


o 


o 


O o 


O 


o 


O 


O 


o 


o 


OOOOOOOOOO 


O 


VD 


\£> 


VD 


H 


r- ro 


r\ 


m 


o 








HHrHmn-d'^oom 


00 


o 


o 


O 


H 




(N 


<N 


CO 










o 


in 


in 


in 


^ 


vr> r- 


r- 


r- 


U) 


r- 


r- 






■<r 


o 


o 


O 


O 


(Ti CD 


00 


CO 


<T\ 


o\ 




o 


OOOOOOOOOO 


o 


rj 


CM 


CM 


fN 


H H 


rH 


H 


H 


H 


H 


fM 


MfMfMfMOICIfMfMOJfN 




o 


o 


o 


O 


o o 


o 


o 


O 


o 


o 


O 


OOOOOOOOOO 


o 



Schedule "C" 

(Declarations by Diane L. Peterson, VJ. Bhargava and Scott Weir) 



I. Diane L. Peterson, Ph.D., do hereby declare that: 

C\^!!t^iBf^'t^^^^ '^^"^ University of Wisconsin-Eau 

S Auaist of 987 F^m q2? '"''^"^ ^"'"^^^'^y Analytical Chemistry 

llrrTn . ^^"^ ^^^^ P'®^^"* ' have been employed by Marion 

Merrell Dow, Inc. and its predecessor Marlon Uboratories. 

I am currently a Group Leader/Scientist in the Analytical Chemistry Department at 

m^" I am ^ ^""P °^ ^ '^'^-^^'^ and tSiansXo4 to 

nh.rmLT.f ?H '""^ °' developing and validating analytical methods for evaluating 

Serformulations.'''' ^'^^ development of 

The following dissolution tests were-'carried out under my direct supervision The 
purpose of these tests was to determine the dissolution profile tha? dnSm dosaae 
forms encompassed by United States Patent Application Serial No. 08/058 534 would 
ffiiJ o'^n^" ^^"^^'^ dissolution test described by United States Patent No 

The dissolution testing was carried out utilizing diltiazem dosage forms prepared in 
Ofl/n^fl ^L""^ n"®' as disclosed in Example II of United States Patent application 
08/058,534. Dissolution testing was carried out on the fi/ial dosage form and on the 
individual bead types (i.e., the rapid release and the delayed release beads). 

The dissolution testing was carried out in the manner described by United States 
Patent No. 4.894.240. Specifically, the method of U.S. Pharmacopeia XXI was used 

qm mi'^rn n^H^^Sr^""^ J.^"'^?^^ 1?^° ^ '"S ^P^"'®- ^^^^^ ^^PS^Ie was tested in 
900 mL of 0.05 M KCI. with a type II paddle assembly at a rotational speed of 100 rpm 

and at a temperature of 37»C. Aliquots were subsequently withdrawn 2, 4. 8, 13 and 

24 hours after initiation of the testing. The amount of diltiazem that had been 

released was measured by UV spectrophotometry with a Hewlett-Packard diode array 

system. Six capsules were tested for each lot. and the results were averaged The 

same testing protocol was used for the final dosage form, the rapid release beads 

and the delayed release beads. 

The following results were obtained: 



TIME 
(hours) 


BLENDED 
FORMULATION 


RAPID 
RELEASE 
BEAD 


DELAYED 
RELEASE 
BEAD 


2 


1.3 


1.2 


1.3 


4 


11.5 


30.3 


1.3 


8 


31.7 


92.9 


1.6 


13 


33.9 


95.9 


3.0 


24 


89.7 


97.8 


86.1 



For comparative purposes, the testing described above was compared to the results 
obtained for these lots utilizing the protocol described in the instant application 
namely by the method of U.S. Pharmacopia XXII in 900 mL of 0.1 N HCI. using a type II 
paddle assembly at 100 rpm, and at a temperature of 37°C. Samples were prepared in 
the same manner as described above. Aliquots were withdrawn 3, 6, 9. 12, 15, 18 21 
24 and 30 hours after initiation of the testing. Multiple capsules were tested' for' 
each lot, and the results were averaged. The following results were obtained: 



TIME 
(hours) 


BLENDED 
FORMULATION 


RAPID 
RELEASE 
BEAD 


DELAYED 
RELEASE 
BEAD 


3 


1 .0 


2.7 


0.8 


6 


1 8,3 ' 


79.0 


1.0 


9 


21.5 


93.9 


1.0 


12 


22.3 


96.3 


1.3 


15 


23.9 


98.0 


2.5 


18 


33.2 


98.9 


16.2 


21 


56.3 


99.7 


51.1 


24 


75.2 


100.4 


75.8 


30 


84.7 


101.5. 


88.5 



I hereby declare that all statements made herein of my own knowledge are true and 
all statements made on Information and belief are believed to be true; and further 
that these statements were made with the knowledge that willful false statements 
and the like so made are punishable by fine or imprisonment, or both under Section 
1001 of Title 18 of the United States Code and that such willful false statements 
may jeppardize the validity of the application or any patent issued thereon. 



Respectively submitted. 




Diane L Peterson, PhD 



Marion Merrell Dow, Inc 
Marion Park Drive 
Kansas City, Missouri 64137. 
September 29, 1993 
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Commisstoner of Patents and Trademarks 
Washington, D.C.. 20231, on 

(Date of Deposit) 



Signature 

DECLARATION UNDER 37 r.F.R. 1,132 

The Honorable CommissiQner 
of Patents and Trademarks 
Washington, D.C., 20231 
Sir: 

I Vijay 0. Bhargava, PhD. do hereby declare that: 

I obtained a Bachelor of Science in Pharmacy from Bombay 
University at Bombay India in 1979. I obtained a PhD, in 
Pharmacokinetics & Biopharmaceutics from Virginia Commonwealth 
University located in Richmond Virginia in 1984. From December 
of 1984 until June of 1988, I was employed by the University of 
Nebraska Medical Center as an assistant professor. My 
responsibilities included teaching pharmacokinetics and 
biopharmaceutics, as well as directing the research activities 
of graduate students. 



From July of 1988 until the present, I have been employed by 
Marion Merrell Dow and its predecessor Marion Labs (hereinafter 
MMD). My responsibilities have included designing, analyzing 
and supervising clinical studies designed to evaluate the 
pharmacokinetic properties of new dosage forms. 

The following clinical study was conducted under ray 
supervision. The dosage form utilized in the study was prepared 
in the same manner as disclosed in Example 3 of United States 
M0i599A-US -1- 



Patent application serial number 872,572. Two (2) of these 
120mg diltiazem capsules were administered simultaneously in 
order to produce a final dosage of 240mg/day of diltiazem. 

The study was carried out using twenty four (24) healthy 
male volunteers ranging in age from 19-45 years old. These 
volunteers were administered 240 mg/day of diltiazem on 7 
successive days utilizing the dosage form described immediately 
above. Twenty- two volunteers completed the study. 

Blood (plasma) samples were collected just prior to the 1st 
dose. Additional samples were obtained as follows: - just prior 
to the 6th dose, just priojf to the 7th dose and 2, 4, 6, 8, 10, 
12, 14, 16, 18, 20, 22r 2*4, 26, 28, and 30 hours after the 7th 
dose. 

Plasma concentrations of the diltiazem and metabolites were 
determined by HPLC analysis. Model-independent pharmacokinetic 
data analysis was performed on the resultant plasma diltiazem 
concentration - time data. The mean plasma concentrations are 
listed below in Table I (value in parenthesis represents % CV). 



M01599A-US 
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TABLE I INVENTION 



Time 
6th Dose: 


Diltiazem Mean Plasma 
Concentration 
vng/mi; \ /o uv; 


0 hours 


63.11 (39.5) 


7th dose 




0 hours 


73.20 (36.7) 


2 hours 


67.48 (37.3) 


4 hours 


80.51 (37.8) 


6 hours 


121.91 (43.3) 


8 hours ^. 


133.30 (33.0) 


lOhoixrs' 


113.93 (40.0) 


12 hours 


105.81 (42.0) 


14 hours 


105.45 (47.6) 


16 hours 


104.39 (46.6) 


18 hours 


92.27 (45.2) 


20 hours 


77.56 (41,2) 


22 hours 


68.47 (39.8) 


24 hours 


63.22 (40.2) 


26 hours 


57.34 (36.8) 


28 hours 


51.13 (40.4) 


30 hours 


40.55 (48.7) 



The Mean values for the following pharmacokinetic parameters 
were determined from the plasma concentration time profiles: 
AOC- Area under the curve, Cmax- Maximum plasma concentration, 
Trough - minimum plasma concentration. Ratio- ratio of C-max to 
C-min, Tmax - time to maximum concentration. These mean values 
are reported below in Table II (value in parenthesis represents 
% CV). 
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TABLE II INVENTION 



AUC (0-24 hr) 
(ng/mlxhr) 


2288 
(841) 


CMAX 
ng/ml 


146 
(50) 


RATIO 
(CMAX/CMIN) 


2.7 
(2.7) 


TMAX 
(hr) 


7.9 
(2.1) 


TROUGH (CMIN) 
(ng/ml) 


66.5 
(37) 



I have reviewed the attached declaration of Dr. Weir 
describing the pharmacoianetic properties of the two Elan 
formulations and compared the results with those obtained with 
the formulation of the instant invention, it is my opinion that 
the formulation of the instant invention is superior to those 
described by the -240 patent. The reason for this superiority 
IS based upon the substantially higher trough levels provided by 
the formulation of the instant invention when compared with that 
obtained by the Elan formulations. 

The trough level is the plasma concentration of drug that is 
achieved by a given formulation immediately prior to the 
scheduled administration of the next dose, a good sustained 
release product provides trough plasma concentrations that may 
be comparable to those obtained when the product may be given in 
divided doses 3 to 4 times a day. if this quality is lacking 
the patient may be acheiving sub-therapeutic trough levels and 
may lack efficacy over part of the dosing period. 

The trough levels obtained with the two Elan formulations, 
the 60mg tablets administered 4 times daily and the formulation 
of the instant invention are presented immediately below for the 
Examiner ' s convenience : 
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MEAN TROUGH LEVELS 



TREATMENT 


TROUGH LEVEL ng/ml 


Elan A 


48.5 


ElanB 


46.0 


60 mg qid 


67.3 


Invention 


66.5 



The trough levels produced by the two Elan formulations are 
approximately 30% below that produced by the formulation of the 
instant invention. The significantly lower level of drug may 
correspond to a decreased therapeutic effect over the relevant 
portion of the dosing peci'od. 

Another advantage of the formulation of the instant 
invention is how closely the trough levels correspond to those 
obtained with the 60mg tablets administered 4 times daily. This 
will facilitate the conversion of the patient from a dosage form 
requiring administration 4 times daily to the convenience of a 
once a day dosage form. 

I hereby declare that all statements made herein of my own 
knowledge are true and that all statements made on information 
and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or 
imprisonment r or both under Section 1001 of Title 18 of the 
United States Code and that such willful false statements may 
jeopardize the validity of the application or any patent issued 
thereon. 



Marion Merrell Dow Inc. 
2110 E. Galbraith Road 
Cincinnati, Ohio 4S'215 
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first class maH in an envelope addressed to 
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Signature 

DECLARATION UNDER 37 C.F.R. 1^132 

The Honorable Commissioner 
of Patents and Trademarks 

Washington, D.C., 20231 '* 

Sir: 

Ir Scott Weir, Pharm.D, PhD. do hereby declare that; 

I obtained the following degrees from the University of 
Nebraska: A Bachelors of Science in Biology In 1977, a Pharm.D. 
in 1980 and a Ph.D. in Pharmacokinetics and Biopharmaceutics in 
1986. 

From March of 1986 until the present, I have been employed 
by Marion Merrell Dow and its predecessor Marion Labs 
(hereinafter MMD) . I am currently the Department Head of the US 
Clinical Pharmacokinetics Department responsible for supervising 
associates employed within the department and establishing 
departmental goals and procedures. My department's activities 
include designing, analyzing and supervising clinical trials 
designed to characterize the pharmacokinetics, pharmacodynamics 
and metabolism of new chemical entities as well as to evaluate 
the biopharmaceutic properties of new dosage forms. Previously, 
I was employed in the department as a pharmacokineticist 
responsible for directly carrying out the activities described 
above. 

The following clinical study was carried out under my 
supervision. This study was- designed to determine the 
biopharmaceutic properties of once-a-day diltiazem dosage forms 

M01599A-US -1- 



utilizing diltiazem pellets having dissolution profiles 
corresponding to those specified in United States Patent No. 
4,894r240 (hereinafter the '240 patent). 

Two diltiazem formulations, corresponding to those described 
by the '240 patent, were obtained from Elan Corporation Pic, of 
Althone Ireland for biopharmaceutic evaluation as potential once- 
a-day products. Each formulation contained 240 mg of diltiazem. 
As is described by the '240 patent, the formulation was a blend 
of two types of pellets. One type of pellet had been coated with 
a polymer to provide a sustained release of diltiazem 
(hereinafter sustained release). The other type of pellet was 
not coated thereby providing for the immediate release of 
diltiazem (hereinafter ipnediate release). These pellets had the 
following composition:" 



DILTIAZEM SUSTAINED RELEASE BEADS 



COMPONENT 


AMOUNT 

(expressed as mg/g of pellets) 


Diltiazem HCI 


384.3 


Fu marie Acid 


96.1 


Talc 


365.2 


Sugar Spheres 


96.1 


Eudragit RS12.5 


26.2 


Eudragit RL12.5 


6.5 


Povidone 


25.6 


DILTIAZEM IMMEDIATE RELEASE PELLETS 


COMPONENT 


AMOUNT 

(expressed as mg/g of pellets) 


Diltiazem HCI 


600 


Fumaric Acid 


150 


Talc 


60 


Povidone 


40 


Sugar Spheres 


150 



One formulation contained 10w/w% of the immediate release 
pellets and 90w/w% of the sustained release pellets (hereinafter 
Elan Formulation A). The second formulation contained 15 w/w% of 
the immediate release pellets and 85 w/w% of the sustained 
release pellets (hereinafter Elan Formulation B). 

The dissolution profiles of each of these formulations was 
evaluated in 0.05M KCL as described in the *240 patent beginning 
at line 65, column 2. This dissolution testing was carried out 
at Elan's facilities by Elan personnel and the results were 
provided to MMD. 

Elan formulation A exhibited the following dissolution 
profile: 

DISSOLUTION PROFILE 



TIME 


% DILTIAZEM HCL RELEASED 


2 Hr 


12.2 


4Hr 


18.1 


6Hr 


34.2 


8Hr 


50.8 


10 Hr 


64.4 


13 Hr 


79.7 


24 Hr 


97.6 



Elan formulation B exhibited the following dissolution 
profile: 

DISSOLUTION PROFILE 



TIME 


% DILTIAZEM HCL RELEASED 


2 Hr 


14.7 


4Hr 


21.5 


6Hr 


36.9 


, SHr 


53.8 


10 Hr 


69.0 


13 Hr 


82.5 


24 Hr 


102.2 



The pharmacokinetic profile of the two Elan formulations was 
determined in the following study. Twenty-four healthy male 
volunteers participated in the study. The volunteers ranged in 
age from 19 to 45 years old. No participants body weight varied 
by more than 10% from the ideal body weight for that individual. 
Each Of the volunteers participated in the following randomized, 
three way crossover study design. 

The following three dosage regimens were utilized, in one 
dosage regimen, the volunteers received one dose of Elan 
Formulation A daily for seven days (240mg/day of diltiazem HCl). 
in another dosage regimen, volunteers received one dose daily of 
the Elan B formulation for seven days {240mg/day of diltiazem 
HCl). As a reference fonhulation the volunteers were 
administered 60 mg of diltiazem HCl, via non-sustained release 
tablets, 4 times daily, for 1 week (28 doses). Tablets available 
commercially from Marion Labs under the trade name Cardizem* were 
utilized. 



Blood (plasma) samples were drawn from the volunteers 
according to the following schedule. When the volunteers were 
receiving either of the Elan formulations, samples were drawn on 
day 7 just prior to the administration of the last dose and 2, 4, 
6, 7, 10, 12, 14, 16, 18, 20, 22, 24, and 30 hours after the last 
dose. In addition, a trough blood level was obtained on day 6 by 
obtaining a sample just prior to the administration of the 6th 
dose. For volunteers receiving the 60 mg tabs, the samples were 
drawn just prior to the administration of the 21st and 25th doses 
and 1, 2, 3, 4, and 6 hours after the 25th dose. The same 
protocol was followed with the 26th, 27th and 28th doses except 
that a sample was also drawn 12 hours after the administration of 
the 28th dose. Additionally, pre-dose samples were obtained 
prior to administration of the first dose on day 1 for all three 
dosage regimens. 

Plasma concentrations of the diltiazem were determined by 
HPLC analysis. Model-independent pharmacokinetic data analysis 
was performed on the resultant plasma diltiazem concentration - 
time data. The mean plasma concentrations for the relevant time 
period is reported below. Table I reports the values obtained 



for Elan Formulation A (% CV represents coefficent of variation). 
Table II reports the values obtained for Elan formulation B. 
Table III reports the values obtained with the 60 mg Cardizem® 
marketed tablets. 



Time 


Diltiazem Mean Plasma 
Concentration 
(ng/ml){%CV) 


6th Dose: 






0 hours 


49.31 


(31.28%) 


7th dose 




0 hours . 


48.62 


(31.02%) 


2 hcyjti 


75.04 


(36.64%) 


4 hours 


65.89 


(37.53%) 


6 hours 


63.92 


(36.31%) 


7 hours 


71.32 


(37.11%) 


10 hours 


98.14 


(27.59%) 


12 hours 


104.24 


(25.86%) 


14 hours 


95.92 


(26.10%) 


16 hours 


84.99 


(23.44%) 


18 hours 


75.94 


(25.34%) 


20 hours 


61.89 


(23.78%) 


22 hours 


53.34 


(25.37%) 


24 hours 


47.70 


(25.85%) 


30 hours 


28.50 


(30.07%) 




TABLE II ELAN FORMULATION B 



Time 


Diltiazem Mean Plasma 
Concentration 
(ng/ml) (% CV) 


6th Dose: 






0 hours 


47.73 


(36.84%) 


7th dose 




0 hours 


47.15 


(33.84%) 


2 hours 


94.52 


(27.55%) 


4 hours ,c 


77.13 


(31.83%) 


6 hours 


69.78 


(33.79%) 


7 hours 


70.15 


(31.41%) 


10 hours 


91.36 


(29.85%) 


12 hours 


94.97 


(29.27%) 


14 hours 


84.36 


(25.43%) 


16 hours 


78.47 


(27.43%) 


18 hours 


69.00 


(2S.20%) 


20 hours 


56.63 


(26.07%) 


22 hours 


48.57 


(25.20%) 


24 hours 


43.05 


(24.63%) 


30 hours 


27.75 


(37.10%) 



TABLE III Cardizem Tablets 



Time 



21st Dose: 



Diltiazem MeanPlasma 
Concentration 
{ng/ml)(%CV) 



Ohour 


71.31 


(28.42%) 1 


25th dose 




0 hour 


66.47 


(30.79%) 1 


1 hour 


86.19 


(29.73%) 1 


2 hours 


107.98 


(27.01%) 1 


3 hours 


127.01 


(24.28%) 1 


4 hours 


108.94 


(26.40%) 1 


6 hours =•* 


73.11 


(25.60%) 1 


26th dose 




1 hour 


82.15 


(25.82%) 1 


2 hours 


105.69 


(28.46%) 1 


3 hours 


110.13 


(23.39%) 1 


4 hours 


94.10 


(21.72%) 1 


6 hours 


61.90 


(26.95%) 1 


27th dose 




1 hour 


58.29 


(30.48%) 1 


2 hours 


79.66 


(28.42%) 1 


3 hours 


93.11 


(26.33%) 1 


4 hours 


77.48 


(25.04%) 1 


6 hours 


55.05 


(24.25%) 1 


28th dose 




1 hour 


60.26 


(37.97%) 


2 hours 


64.96 


(36.89%) 


•3 hours 


70.69 


(31.47%) 


4 hours 


73.61 


(26.37%) 


6 hours 


64.19 


(25.97%) 


12 hours 


24.94 


(33.39%) 



The Mean values for the following pharmacokinetic parameters 
were determined from the plasma diltiazem concentration time 
profiles: AUG- Area under the curve, Cmax- Maximum steady-state 
plasma concentration, Trough - average of 7 AM plasma 
concentrations obtained prior to dosing on days 6 and 7 in 
addition to 24 hours post-dose on day 8, Ratio- ratio of C-max to 
C-min, the minimum steady state plasma concentration, Tmax - time 
to maximum concentration. These mean values are reported below 
in Table IV (Value in parenthesis represents % CV) • 



TABLE IV 





Tablet 

60 mg 
qid 


Elan A 
240 mg/ 
day 


ElanB 
240 mg/ 
day 


AUC(0-24hr) 
(ng/mlxhr) 


1960 
(23) 


1801 
(26) 


1760 
(26) 


CMAX 
(ng/ml) 


129 
(23) 


108 
(26) 


106 
(27) 


RATIO 
(CMAX/CMIN) 


2.8 
(17) 


2.5 
(20) 


2.6 
(15) 


TMAX 
(hr) 


4.0 
(57) 


11.8 
(22) 


8.1 
(62) 


TROUGH 
(ng/ml) 


67.3 
(26) 


48.5 
(27) 


46.0 
(29) 



I hereby declare that all statements made herein of my own 
knowledge are true and that all statements made on information 
and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or 
imprisonment, or both under Section 1001 of Title 18 of the 
united States Code and that such willful false statements may 
jeopardize the validity of the application or any patent issued 
thereon. 



Marion Merrell Dow Inc. 
2110 E. Galbraith Road 
Cincinnati, Ohio 45215 



Scott W^ir 
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Schedule "E" 

(Article by Eradiri, O. et al, entitled 
"Comparison of diltiazem bioavailability from 3 marketed extended-release products for once-daily 

administration: implications of chronopharmacokinetics and dynamics". 
International Journal of Clinical Pharmacology and Therapeutics, (1997), Vol. 35, No. 9, p. 369-373) 



Inumatianal Journal cfClimail Pharmaeclogy end Therapeutics, VcL 35, No, 9 -1997 (369^73) 



Comparison of diltiazem bioavailability from 
3 marketed extended-release products for 
once-daily administration: implications of 
chronopharmacokinetics and dynamics 

O. EftADiRi^ and K.K. MiDHA^ 

^Research and Development Division, Biovait Corporation International, Mississauga, 
Ontario, Canada, and ^Drug Metabolism, Drug Disposition Group, College of Pharmacy 
and Nutrition, University of Saskatchewan, Saskatoon, Saskatchewan, Canada 



Abstract Diltiazem has proven to be an effective antihypertensive and antianginal agent, due to its 
potent calcium channel blocking activity. The present $tudy was conducted to compare the bioavail- 
ability of a new extended release diltiazem HCl capsule formalation Cllazac) with 2 other currently 
marketed products (Cardizem CD and Dilacor XR). Fourteen healthy male subjects participated in 
this randomized, 3*period, multiple daily dose (240 mg for 7 days), crossover bioavailability study. 
ANOVA and multiple comparison tests showed the parent drug AUCo-t to be significantly higher 
after daily dosing with Tiazac than with the other 2 mailceted products, but the diltiazem Cmin values 
were not significantly different between the 3 formulations. Between 5 and 12 hours after drug 
administration, mean plasma diltiazem levels for Tiazac capsules were found to be significantly higher 
than those of the 2 other produces tested. Comparison of plasma oonoentrations of metabolites for the 
3 capsule formuIatioDS by ANOVA and multiple comparison tests showed similar trends as in the 
case of parent drug concentrations. These findings may be clinically important as higher and more 
consistent plasma concentrations of diltiazem, and its active metabolite during daytime are needed to 
counteract higher blood pressures in hypertensive patients due to circadian variations. The new 
extended release product of diltiazem HQ was found to exhibit significantly differing pharmacoki- 
netics of the parent compound compared to either of the other 2 products tested. 

Keywords: bioavailability -diltiazem -clinical significance-controlled release -pharmacokinetics 



Introduction 

Diltiazem is a potent calcium channel blocker and its 
role in the management of essential hypertension is well 
established [Oates 1996]. While the drug is readily ab- 
sorbed, it exhibits low bioavailability and short half-life 
due to substantial first-pass metabolism [Herman et al. 
19831. On account of these pharmacokinetic properties, all 
iirmiediate release diltiazem HQ products are considered 
short-acting because patients generally have to ingest them 
3—4 times a day to effect adequate blood pressure controL 
Twice-and once-a-^y extended release dildazem formu- 
lations have been available for several years. A major 
advantage of extended release fora:iuIations of the drug is 



Received July 4, 1997. 

OomapoiKknce io Dr. O. EhkIH Research and D(^^ 

Bwvtii Oorpotition IrtfcrmtiooaL 24S8 Dnnwin Drive, Misstsamga, On- 

carte.CaDadaULlJ9. 



optimization of antihypertensive therapy by improving 
patient compliance and safety, the latter through elimina- 
tion of multiple peaks in plasma diltiazem concentrations 
due to 3- to 4-times-a-day-dosing of immediate release 
formulations. Tiazac is a new extended release capsule 
formulation of diltiazem hydrochloride for once-a-day dos- 
ing, which recently t>ecame available in the United States 
and Canada. This study was conducted during the clinical 
developmem of Tiazac capsules to compare its pharmacok- 
inetic profiie with those of 2 other PDA-apprcved drug 
products, Cardizem CD and Dilacor XR, capsules. In this 
report, comparison of pharmacokinetic proxies of 3 drug 
products and their clinical implications are discussed. 



Methods, materials, and subjects 

The protocol was approved by the Instimtiona] Re- 
view Board of the Contract Research Organization where 
the study was conducted. Fburteen healthy male volunteers 



craamana Miaha 



with ages ranging from 21-37 years and weighing 55 - 
95 kg were admitted into the study. Written iofonncd 
consents were obtained from die volunteers. The new 
formulation (240 mg Tiazac capsules-marlceced m Canada 
and the USA by Crystaal Corporation and Forest Labs Inc., 
respectively-, Biovail Corporati<»i International), is a mul- 
tiparticulate system consisting of polymer-coated beads in 
hard gelatin capsules. The 2 other forniulations were 240 
mg Cardizem CD capsules (Marion Laboratories) and 240 
mg Dilacor XR capsules (Rhone-Poulenc Rorer). Each of 
these 3 formulations was administered once daily over a 
7-day study period in a crossover design. Each subject 
received all 3 formulations; the fbnnulation sequences for 
individual subjects were assigned according to a randomi- 
zation schedule. There was a 1-week washout period be- 
tween drug administrations. 

In each period subjects were institutionalized.in the 
clinic the evening prior to drug administration. TTiey fiisted 
from 10 p,m. the evening prior to dosing until specified 
meal times. Dosing was at 7 a.m« daily and the subjects 
ingested the assigned formulation with 240 ml of water. On 
days 1 through 6 of each dosing period, standardised, 
caffeine-free meals were ingested by the subjects at 9;30 
a*m.. 1 p,m., 6 p.m., and 10 p.m. On day 7 of each study 
period, meals were provided at 1 1:30 a,m., 4:30 pjn., and 
10 p,m. Vital signs and ECGs were monitored at predeter- 
mined times throughout the study. 

On day I, and days 4 through 7, a pre^ose blood 
sample (10 ml each) was collected at 7 a.m. Post-dose 
steady-state blood samples (10 ml each) on day 7 were 
collected at 1 , 2, 3, 4, 5 6. 7, 8, 10. 12. 1 6, 20, and 24 hour? , 
Precooled EDTA vacutainers were used for blood sample 
collection. All blood samples were centrifuged within 15 
minutes of collection and tfie plasma portions were har- 
vested, frozen, and stored at -70* C until analysis. A 
validated HPLC procedure [Eradiri and Midha 1995] was 
used m the analysis of the plasma samples for levels of 
diltiazem (DTZ) and Its 2 major metabolites, desace- 
tyldihiazem (DBA) and N-desniethyldiltiazem (DEM), 
The calibraticHi ranges for DTZ, DEA, and DEM were 3 - 
800. 1 - 200. and 3 - 700 ngAnl, respectively. Intenlay 
coefficients of variation for the lower limits of quantitation 
were 9.5%, 8%, and 10.4% for DTZ, DEA, and DEM, 
respectively. Intra- and tnterassay precisions of the method 
were less than 5% tot all 3 analytes. 

The areas under the plasma concentration versus time 
curves (AUCo^) were calculated using the linear trapezoi- 
dal method. The maximum analyte plasma concentrations 
(Cmax)* minimum plasma concetitrations (Cmin) and the 
time to attain Cnux (tnux) were taken directly from the raw 
data. The degree of flucmation was calculated using the 
formula: 100 x ((Cm« - Cmiii)/(AUCo^)). The piedose 
plasma concentrations for all 3 analytes on days 4 through 
7 were tested for differences (ANOVA) to determine if 
steady-state was attained. ANOVAs were also performed 
on plasma concentrations for all 3 analytes at protocol- 



specified sampling time points to determine formulation 
differences, If any. The pharmacokmetic parameters of 
Tiazac were compared with those of the 2 fonnulations 
tested for all 3 analytes by ANOVA at the 5% level of 
significance using SAS General Linear Model Procedure. 
Geometric 90% confidence intervals calculated using the 
two 1 -sided test procedure [Schuirmann 1987J were deter- 
mined for AUCo^. Qnax, and (Zmin ratios between the new 
formulation and each of the 2 other formulations. Confi- 
dence intervals for ratios falling outside 0.80 - 1 ,25 were 
deemed bioinequivalent In cases, where ANOVA detected 
significant differences, the Duncan's multiple comparison 
test was performed. 



Results 

All 14 subjects completed the study in its entiiety. 
ANOVA Of each product's predose Cmin values on days 4 
through 7 for all 3 analytes (DTZ, DEA, and DEM) did not 
reveal any differences; tiiis outcome indicated steady-state 
was achieved in each case. 

The mean steady-state plasma DTZ, DEA, and DEM 
concentration versus time curves on day 7 for all 3 extended 
release formulations are presented in Figure 1. Plasma 
diltiazem concentrations for all 3 formulations gradually 
inoieased after morning dosing to peak concentrations 
which occurred between 5 and 7 hours, upon roaching 
Qnaxt higher* levels of plasma diltiazem were maintained 
longer after Tiazac relative to Cardizem CD and Dilacor 
XR. In addition, Tiazac consistently provided signlHcanUy 
higherplasma diltiazem concentrations from hour 5 to hour 
12 when compared to either of the other 2 products (Table 
1). TTiere were no statistically significant differences 
among die plasma diltiazem concentrations exhibited by 
tiie 3 formulations between 20 and 24 h post dose. Plasma 
concentration versus time curves for tiie 2 metabolites 
showed similar trends. The plasma DEA concentrations 
following Tiazac administnttion were significantiy higher 
tiian those of Cardizem CD and Dilacor XR at 6, 7, 8, 9, 
10, and 12 h. In the case of DEM, signifiicantly higher 
plasma levels due to Tiazac capsules wgtb observed at 5, 
6, 7, and 12 h. 

Table 2 presents a summary of the means of pertinent 
pharmacokinetic parameters for the 3 formulations. For the 
parent dmg, Tiazac demonstrated significantly higher 
AUCo-f (> 20%) than citiier of the 2 otiier marlceted prod- 
ucts. While tiie steady-state diltiazem Cmin values for all 3 
formulations were not different, Tiazac had a significantiy 
hi^er (> 20% higher) diltiazem Cmax value than eitiier of 
the 2 other formulations tested. All 3 products exhibited 
similar degree of fluctuation of diltiazem plasma concen- 
trations. Tlie metabolites* pharmacolcinetic parameters 
showed that Tiazac exhibited significantiy greater mean 
DEA and DEM AUCo-x values thm tiie otiier 2 formula- 
tions. While tiie DEA and DEM Cmax values for Tiazac 
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Tabk / Stcady^eate (tnein ± SB) plwmt diltUzem concentnitioM 
following daily tdminisaa^ of 240 mg diltimm HQ for 7 cUys u 3 
diftcrau cxtcnlod release €a(>sulcs to li healthy male volunteers. 




Fig. J Mean diitiazcni (A), desacetyldiMazem (BX N-des- 
methyldQtiazem (Q plasma cocicemration versus ticne cwves on day 7 
after daily doses of 3 diffeceoc brands of 240 mg dUtiazem extecided-re- 
lease foonulaikm (Tia^ac #, Catdizem CD ■, and DUacor XR (A) in 
14 healthy mate voUinteets.(Tia£ac is maricetedio Canada and the United 
States by Dystaal Corporation and Forest Labs loCn respectively.) 



were significantly higher than the conesponditig Cfm 
values for the 2 other fotmulationfi, the Cmin valuea of both 
primary metabolites were not different for the 3 formula- 
tions. 

The point estimates of key tnoequivalence parameters 
of Tiazac (the test formulation) to those of the 2 other 
formulations (as irferences) are also presented in Table 2 
for all 3 analytes. The 90% geometric confidence intervals 



Sampling 


HSZBC 


Cardi^emCD 


DUacofXR 


p value 


time (h) 










0 


55.1 1 5.4 


65.0 ±8.4 


48J±5.3 


ils. 




53.0 ± 5*S 


61.7 ±9.1 


57.2 ±6.7 


n.5. 


2* 


58,7 ±5,7^ 


634*83** 


87.9 ±9-0* 


O.003 


3* 


74.1 ±7.2^ 


A ^ A A!^ 

^2.4 X 0.4 


IUO.OX iu.ir 


U.UUlf 1 


4» 


105.8 ±11.5' 


62.8 ±5.1*' 


118.6±9.7« 


0.0001 


5* 


156.9 ± 15.5* 


122.8 ±14.^ 


121.0 ±14.i*» 


0.0382 


6* 


160,1 ±11^* 


136.4±11.1*' 


1 15.9 ±11.1*^ 


0.0002 


7* 


156.8110.4" 


125.7 ±IL8*' 


109^ ±11.3*' 


04)009 


8* 


154^*9.1' 


107J±9.9*' 


107.0±ll.6*' 


0.0001 


10* 


135.7 ±9.1* 


86.3 ±7.2^ 


82.4 iS-O** 


OJWl 


12* 


120.8 ±9.i" 


746 ±7.2'* 


79.8*73** 


Oi)00l 


16* 


90,7 ±7.4" 


93.7 ±9.2* 


72.1 ±84** 


0.0234 


^ 


65.6 ±5.8 


66.7 ±6.2 


519 + 5.3 


as. 


24 


58.2 ±8.0 


53.8 ±5 J 


46.7±4J 


n.s. 



* s p < 0X)5 treatment means with diffezmt (eltens mtxt signiftconily 
different (ANOV A followed by muldple comparison cesO 



for the parent drug and metabolites' AUCo-t comparisons 
consistently had statistical power > 0.80. Tiazac exhibited 
mean diltiazem AUCo-t which was 24% and 29% greater 
than the corresponding mean diltiazem AUOkc values for 
C^aidizem CD and Dilacor XR, respectively. The mean 
AUCo-t*8 of DEA and DEM for Tiazac were 18 - 29% 
greater than the conesponding values for the other 2 mar- 
keted products used in this study as icfcitnces. 



Discussion 

Tiazac the new extended release diltiazcm HCi prod- 
uct for once daily administration, was found to provide 24 
and 29% greater parent drug exposure in the present steady- 
state study than Catdizem CD or Dilacor XR, respeaively. 
The outcomes with respect to the primary metabolites' 
AUG comparisons were similar to those of the parent drug. 
Tiazac is therefiire bioinequivalent to either Cardizem CD 
or Dilacor XR. The analyses of peak exposuie, i,e. Cmax 
values and plasma drug levels, at individual sampling time 
points showed that the greater bioavailability with Tiazac 
could be attributed to higher concentrations of diltiazem 
and metabolites from hour 5 through hour 12 after daily 
dosing with the new extended release formulation. 

Clinically it is of interest to examine die significance 
of the observed differences in bioavailability of diltiazem 
bcm the 3 extended release products. It is noted that the 
sh2^)es of the plasma concentradon versus time profiles for 
diltiazem and its 2 primary metabolites after dosing of the 
new extended release formulation (Tiazac capsules) were 
markedly different from those of Cardizem CD and Dilacor 
XR (Figure 1). The plasma desace^ldiltiazem and N-des- 
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T<tbk 2 Sceftdy^sute pharmacokkieiic parametets of DTZ, D£A, and DEM following daUy admiiUsmuton of 240 mg dUdazcm hcl for 7 days ax 3 
diffectni exieitded-itleaie capsules to 14 bealihy mile voltuuAers. 



Analytc 


IPK parameters 


Foimutation 


Mean 


Tcst/Ref Ratio*, Sli 


DiUiazetn 


AUCb.x*^(ngxhrAnl) 


Ttazac 

CbidizemCD 
DilacorXR 


2*345 (1413 

l«882 (1,128 -3,174)'' 

1.808(1032 - 3417)'' 


124(110-139) 
129(115-145) 






Tiazac 

CaidizemCD 
DilacorXR 


178(124 - 305)* 

147(98-218)'' 

125(79-222)" 


121 (106-138) 
142(125-162) 




Cmifl'''(ngAnl) 


TSazac 

ConlizeroCD 
DOaoorXR 


44(25 - 75) 
42(22-86) 
40(15-84) 


106(86-131) 
110(90-135) 




tmn*<hoiire) 


CardizemCD 
^ DilacorXR 


7j0±1.8» 
5.4 ±M'' 
5.4 ±2.0^ 






Degree of fluctuation <%) 


Xiazac 

CaniizcmCD 
DilacorXR 


139±36 
134±40 
n4t38 




Desaceiyidiliiazem*^ 


AUCo.t*^(nehrAnl) 


tlazac 
. Cardi2emCD 
DilacorXR 


230(l52-427)» 
196(104 - 366)'' 
179(99 - 363)* 


118 (107-131) 
129(117-143) 




Q„«*+(n5/ml) 


Tiaxac 

Cardizcm CD 
DilacorXR 


13.1(9j4-2K9)* 
10.7(5.9-18.7)'* 
iai(53-l8.4)»' 


122(108-137) 
130(115-146) 




Cc„i„+(ngtol) 


Cardi^emCD 
DilacorXR 


6,4 (3,2- 1^1) 
5.9(2.4-11.8) 
5.3 (3,2-11.4) 


108(91-127) 
1)9(100-141) 


N-DcamcthykJiitiazcni 


tmw (hours) 
AUQM*^nghr/mO 


Tiazac 

Cardizcm CD 

DilacorXR 

Tiazac 

CardizscmCD 
DilacorXR 


8.6*2.0 
10.2 1 4,6 
7,4*2,8 

IW(651-U09)' 
846(605-1.143)*^ 
854(477- UU)** 


125(113-139) 
129(112-138) 




kWji* (tig/nu) 


Tiazac 

Cardizcm CD 
DilacorXR 


74 (50 — 509) 

48(31-68)'' 
47(26 - 81)'' 


151(117-195) 
154(119-199) 




CWifi^CfigAnl) 


Tiazac 

CaidizemCD 
DilacorXR 


28(17 -40) 
24(14-39) 
24(14-38) 


118 (102-136) 
118(102-135) 




1^ (hours) 


Tiazac 

Cardizcm CD 
DilacorXR 


8.5 ±2.1 
7.912.7 
6.8 ±3.4 





gcamctik means, numbers in parentheses are ranges, * ^ p < 0.05 treatment means with differem letters were significantly diffcTCTit, * numbers in 
paien(hescfiare90%eeeinctriccon<wfc3K»jntpn^te,tBiMm^ degree of flucruatbo are exptctted aa mean ± SD, ♦» n = 13 



mcthyldiltiazem levels in the present study were approxi- 
mately 10 and 40%. respectively, of the parent drug con- 
centrations. To date, the role of these 2 metBLbolites in 
antihypertensive therapy has not been well established- 
While desacetyldiltiazem is 25 - 50% as active as the 
parent drug as a vasodilator, there is little information on 
the potency of N-desmethyldiltiazem. Nevertheless, the 
fact ttiat Tiazac delivered sustained and greater plasma 
concentrations of the panent drug bom hour 5 to hour 12 



after dosing as compared to the other marfceted once daily 
products, may be an important finding from a chrono- 
therapeutic perspective. 

(Orcadian fluctuations in the onset of acute cardiovas- 
cular disease have prompted researchers to. examine the 
diurnal cycles of heart rate and blood pressures [Muller and 
Willich 1996]. Heart mte exhibits a sharp rise in the morn- 
ing and suys elevated throughout the day; heart rate slows 
down substantially at night There is an eariy morning rise 
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in heart rate at around 4 a.m. Blood pressure follows a 
similar pattern. Highest blood pressures arc observed be- 
tween 9 a.m. and late afternoon. The daytime blood pres- 
sures are 20 - 30 mmHg higher dian the nighttime blood 
pressures. Hence, from a chronotherapeutic perspective, an 
extended release antihypertensive product which can de- 
liver sustained high plasma dnig levels throughout the day 
may be especially advantageous to patients during the day. 
Tiazac possesses a plasma diltiazem concentration versus 
time profile which is appealing and suited for chrono* 
therapeutic aspects of hypertension. This observation has 
support from a pharmaookinetic-phatmacodynamic con- 
sideration. In a recent clinical efficacy study with this new 
extended release product [Lacourciereet al. 199S], increas- 
ing the dose of Tiazac was associated with proportional 
reduction in blood pressure (r = 0.99). Hence, it is reason- 
able to postulate diat higher steady-state plasma diltiazem 
concentrations are likely to result in greater antihyperten- 
sive effect during the day when clinical benefit is most 
needed. 

Diastolic and systolic blood pressure, heart ratc« and 
PR intervals were measured at predetermined times m each 
phase of this study for safety reasons only. Since it is well 
known that diltiazem does not elicit significant pharma- 
codynamic responses in healthy volunteers [Guimont et al. 
1993], the stud^ was not designed to evaluate differences 
in hemodynamics between the drug products* The relation- 
ship between plasma diltiazem levels and pharmacody- 
namic ejects are better investigated in a controlled clinical 
trial using hypertensive patients. 



Conclusion 

Tiazac, a new once-a-day extended release capsule 
fomiulation of diltiazem HQ, exhibited greater diltiazem 



bioavailability than either of the other 2 extended release 
formulations marketed for once daily dosing. The increase 
in diltiazem bioavailability with Tiazac was due to sus- 
tained higher plasma concentrations from hour 5 to hour 
12 after dosing. From a chronotherapeutic perspective, this 
new once-^-day capsule formulation may offer an advan- 
tage over other such diltiazem products in the treatment of 
hypertension. 
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